Aims. To study the structure of nearby (< 500 pc) dense starless and star-forming cores with the particular goal to identify and understand evolutionary trends in core properties, and to explore the nature of Very Low Luminosity Objects (≤ 0.1 L ⊙ ; VeLLOs). Methods. Using the MAMBO bolometer array, we create maps unusually sensitive to faint (few mJy per beam) extended (≈ 5 ′ ) thermal dust continuum emission at 1.2 mm wavelength. Complementary information on embedded stars is obtained from Spitzer, IRAS, and 2MASS. [The journal article will come with FITS files of the maps.] Results. Our maps are very rich in structure, and we characterize extended emission features ("subcores") and compact intensity peaks in our data separately to pay attention to this complexity. We derive, e.g., sizes, masses, and aspect ratios for the subcores, as well as column densities and related properties for the peaks. Combination with archival infrared data then enables the derivation of bolometric luminosities and temperatures, as well as envelope masses, for the young embedded stars. Conclusions. Starless and star-forming cores occupy the same parameter space in many core properties; a picture of dense core evolution in which any dense core begins to actively form stars once it exceeds some fixed limit in, e.g., mass, density, or both, is inconsistent with our data. A concept of necessary conditions for star formation appears to provide a better description: dense cores fulfilling certain conditions can form stars, but they do not need to, respectively have not done so yet. Comparison of various evolutionary indicators for young stellar objects in our sample (e.g., bolometric temperatures) reveals inconsistencies between some of them, possibly suggesting a revision of some of these indicators. Finally, we challenge the notion that VeLLOs form in cores not expected to actively form stars, and we present a first systematic study revealing evidence for structural differences between starless and candidate VeLLO cores.
Introduction
Stars form from dense gas (≫ 10 5 cm −3 ). Such gas is, e.g., found in discrete nearby ( 500 pc) cold (≈ 10 K) small-scale ( 0.1 pc) condensations referred to as dense cores . These are thought to be the sites where low-mass stars form . Their properties provide the initial conditions for star formation. It is thus necessary to understand the physical state of dense cores in order to be able to understand the star formation process in detail.
Some of the many physical parameters of dense cores are their sizes, masses, and densities. Given that thermal dust continuum emission at ≈ 1 mm wavelength is a better mass tracer than molecular emission lines (e.g., Tafalla et al. 2002) , and that modern bolometer cameras enable complete maps of the dust emission from dense cores to be made within a short time, dust emission maps are a prime tool to study the above core parameters. Dust emission surveys thus enable a systematic overview of dense core properties.
In recent years several surveys studied dense cores in large (up to several 10 pc) and massive (up to several 10 3 M ⊙ ) complexes of molecular clouds (Motte et al. 1998 ;
Send offprint requests to: J. Kauffmann, jkauffmann@cfa.harvard.edu ⋆ Based on observations with the IRAM 30m-telescope. Johnstone & Bally 2006; Johnstone et al. 2004 Johnstone et al. , 2001 Johnstone et al. , 2000 Hatchell et al. 2005; Enoch et al. 2007 Enoch et al. , 2006 Young et al. 2006b; Stanke et al. 2006) . Most cores in these clouds are in groups and clusters (e.g., Enoch et al. 2007 ). Although it is believed that most stars in the galaxy form in such environments (Magnani et al. 1995) , two issues make it difficult to study the fundamental physics of star formation in such environments. First, cores can be confused in crowded regions forming clusters; it becomes difficult to identify and study individual cores (see, e.g., Motte et al. 1998 ; see also Ward-Thompson et al. 2007 for illustrative examples). Second, cores might interact in crowded regions; more parameters than relevant in isolated cores influence the evolution of dense cores. These problems can be avoided by studying dense cores in relative isolation (Clemens & Barvainis 1988; Bourke et al. 1995) instead of cores hosted in larger (up to 100 pc) complexes of giant molecular clouds (Blitz 1993 ).
The present study therefore focuses on isolated cores. We have observed both starless cores and cores with embedded stars, covering a large range in size, mass, central density and (supposedly) evolutionary status. This creates a unique database for detailed studies of dependencies between various dense core parameters and their relation to dense core evolution.
The Need for a new Dust Emission Survey
Several surveys of isolated cores with and without active star formation have been conducted in the past ≈ 15 years (e.g., Motte & André 2001 , Visser et al. 2002 , Kirk et al. 2005 , Young et al. 2006a , Wu et al. 2007 . They have covered a large number of dense cores in a broad variety of physical states. While these surveys in principle should yield a comprehensive database on the properties of dense cores, this is in fact true only to a limited extent. Many existing studies were relatively insensitive to faint emission (because of noise) and structure on scales beyond 1 ′ to 2 ′ (due to artifacts, e.g., due to 'jiggle maps').
State-of-the-art bolometer cameras nowadays allow for the reliable imaging of faint large-scale ( 5 ′ ) extensions of sources initially -if at all -only detected in their brightest intensity peaks. This urged us to conduct a new comprehensive dust emission survey towards isolated dense cores at ≈ 1 mm wavelength using up-to-date instrumentation. For this we use the MaxPlanck Millimetre Bolometer (MAMBO) arrays (Kreysa et al. 1999 ) at the IRAM 30m-telescope. This combination of telescope and receiver was probably the most sensitive facility for mapping of extended dust emission available before the recent emergence of LABOCA (when considering the levels of extended artifacts and statistical noise). The research presented here is the first census with MAMBO that covers ≥ 10 starless dense cores.
A further motivation of our survey is the demand for complementary data on dense cores for the recent Spitzer Space Telescope imaging surveys of dense cores. Such data is needed to, e.g., put the properties of the stellar content probed by Spitzer in context with dense core properties like density and mass; the latter can usually not be derived from the Spitzer data. In particular the Spitzer Legacy Program "From Molecular Cores to Planet Forming Disks" (AKA. "Cores to Disks" or "c2d"; Evans et al. 2003) , which imaged 82 nearby (≤ 500 pc) isolated dense cores as part of its agenda, stimulated a number of coordinated surveys of the c2d cores covering many spectral windows. Our surveythe c2d MAMBO survey -is one of four new dust continuum emission surveys of isolated cores carried out in the c2d framework (with Young et al. 2006a, Wu et al. 2007, and Brede et al., in prep ., being the other three).
Specific Aim of the c2d MAMBO Survey
Dust emission data can be used to address a number of open issues in star formation research. In general, stars are thought to form from very dense molecular cores (H 2 densities 10 5 cm −3 ). In particular, the spatial mass distribution is thought to govern the stability of dense cores against gravitational collapse (e.g., McKee & Holliman 1999) . One might thus hope to derive criteria to be fulfilled to allow star formation in dense cores by comparing the mass distributions of starless cores with those of cores actively forming stars. This could lead to a better understanding of the underlying star formation physics. The c2d MAMBO survey is ideally suited for such comparative studies since it probes the mass distribution in cores with and without ongoing star formation at high sensitivity (see Sec. 5.3.4 for details) .
Also, the evolution of young stellar objects (or "protostars"; hereafter YSOs), i.e., stars that are surrounded by significant amounts of the matter from which they did or do form, can be studied with dust continuum emission data. These allow the investigation of the relation between the broadband spectral properties, the structure of the circumstellar envelope, and present models of evolutionary schemes (see Sec. 5.4 for details).
Our sample includes four candidate Very Low Luminosity Objects (VeLLOs; see Kauffmann et al. 2005 and di Francesco et al. 2007 ), enigmatic objects of apparent protostellar nature but unusually low luminosity that were recently discovered by c2d (Young et al. 2004a , Bourke et al. 2005 , Dunham et al. 2006 cf. André et al. 1999) . They are defined as objects with internal luminosities (i.e., not including the dense core luminosity from interstellar heating due to, e.g., the interstellar radiation field) ≤ 0.1 L ⊙ that are embedded in dense cores. Some of these objects have been interpreted as very young ( 10 4 years; André et al. 1999 ) YSOs of stellar final mass (i.e., ≥ 0.08 M ⊙ ). Based on their low accretion rates, others are thought to be young objects in the process of growing to substellar final mass (Young et al. 2004a , Bourke et al. 2005 ; see Dunham et al. 2006 for a summarizing discussion). The c2d MAMBO survey is the first study with a sensitive and homogeneous data set on several starless, YSO, and VeLLO natal cores. This allows comparative studies between these core types to better understand how VeLLO natal cores differ from others (see Sec. 5.5 for details).
Structure of the present Study
In Sec. 2 we begin with an introduction to our sample, provide a summary of the observations, and detail our data reduction. This includes a description of a new iterative data reduction scheme designed to mitigate problems affecting the reconstruction of maps of weak extended emission. Section 3 provides a first discussion of the source properties and an overview of the source identification and quantification strategies. YSO properties from supplemental data are derived in Sec. 4. The main discussion of the data follows in Sec. 5, where we in particular study the structure and evolution of dense cores in general (Sec. 5.3), YSO cores (Sec. 5.4), and VeLLOs (Sec. 5.5). We summarise our study in Sec. 6. Appendix A discusses the standard dust emission properties adopted by the c2d collaboration to derive the mass distribution from observed dust emission maps.
Sample, Observations, and Data Reduction

Sample Selection
Our sample of 38 cores (Table 1) is drawn from the initial target list of the c2d Spitzer survey of isolated dense cores . This list contains dense cores within about 400 pc from the sun that are smaller than ≈ 5 ′ and were mapped in dense gas tracers before the start of the c2d surveys. These cores are nearby enough to allow for the detection of intrinsically faint embedded sources. Their small apparent size allows them to be mapped in a reasonable time. This sample was drawn from the compilations and surveys of Jijina et al. (1999, for NH 3 maps), Lee et al. (2001, for CS and N 2 H + maps), and Caselli et al. (2002, for N 2 H + maps), and completed by adding individual cores. Due to time constraints not all sources in our sample were finally observed by Spitzer as part of c2d. Some further cores have or will be covered as part of the Spitzer Gould Belt survey 1 , or have been covered in other programs (see Table 1 for details).
The initial c2d target list contains about 150 cores. At the start of the c2d survey, MAMBO was the most efficient bolometer camera available for sensitive mapping of large fields.
Therefore, those cores in this list that were expected or known to have faint or extended dust continuum emission, or both, and are visible from Spain, were mapped by MAMBO. The other cores were observed in other surveys with SCUBA on the JCMT (Young et al. 2006a) , SHARC ii on the CSO (Wu et al. 2007) , and with SIMBA on the SEST (Brede et al., in prep.) . We obtained usable MAMBO data for 38 cores, which are listed in Table 1 . Of these cores 21 are starless to our present knowledge, 4 contain VeLLO candidates (out of which 2, those in L1014 and L1521F, can be considered proven VeLLOs), and 13 contain YSOs (see Sec. 4 .1 for a discussion of the association between YSOs and dense cores). Spitzer data is available for 32 cores (i.e., 3/4) of the MAMBO sample (see Table 1 for Spitzer observation references). The MAMBO sample covers 25 out of the 82 cores observed by c2d, and thus roughly 1/3 of the total c2d sample. In total 13 out of the 17 YSO and VeLLO candidate cores observed by us using MAMBO were targeted by Spitzer. However, only for 8 of these (less than half) there is c2d data and therefore homogeneous Spitzer photometry.
The observed cores reside in very different environments, ranging from regions of isolated low-mass star formation, like Taurus, over more turbulent regions, like the Cyg OB7 molecular cloud complex and the Cepheus Flare, to the high-mass starforming site of Orion. In this respect the c2d MAMBO sample does not constitute a homogeneous sample, but a cross section of the different star-forming clouds in the solar neighborhood. Correspondingly our sample includes cores from near (≈ 100 pc) to intermediate (≈ 400 pc) distances.
Observations
Continuum observations of the 1.2 mm thermal dust emission were done with the IRAM 30m-telescope on Pico Veleta (Spain) using the 37-receiver MAMBO-1 (projected array diameter of 120 ′′ ) and 117-receiver MAMBO-2 bolometer (240 ′′ diameter) cameras of the Max-Planck-Institut für Radioastronomie (Kreysa et al. 1999) . A total of 122 usable maps was taken between the summer of 2002 and the winter of 2003/2004 in the framework of a flexible observing pool (Table 2) . Only 6 maps were acquired using the MAMBO-1 array. The weather conditions were good, with zenith optical depths between 0.1 and 0.3 for most of the time, and above this for ≈ 20% of the time. Some of the maps were affected by clouds. All but 13 maps (i.e., 11%) were taken at an elevation above 40
• . This yields typical line-ofsight optical depths much below 0.5. Two maps are affected by strong anomalous refraction (Altenhoff et al. 1987 ; one map on the southern part of L1041-2, one map on L1148).
The beam size on the sky was 11 ′′ , and the effective frequency 250 GHz with half sensitivity limits at 210 and 290 GHz. Pointing and focus position were usually checked before and after each map. The pointing and focus corrections were usually below 3 ′′ and 0.3 mm, respectively. The zenith optical depth was typically measured with a skydip at least once within an hour from start or end of a map. The sources were observed with the standard on-the-fly technique, where the telescope secondary was chopping by ≈ 40 ′′ to ≈ 70 ′′ at a rate of 2 Hz parallel to the scanning direction of the telescope. The telescope was constantly scanning in azimuth for up to 90 s at a speed of 6 to 8 ′′ s −1 before turning around, except for one map of L1521B-2 for which the telescope moved in azimuth and elevation (then using the "rotated" chopping secondary). Where possible, each source was mapped with varying scanning directions (in equatorial coordinates) and chop throws. Several times per week Mars and Uranus were observed for absolute flux calibra- Table 2 . MAMBO map details. For each core the products 'number of maps' × 'array type' list how often a core was observed with which array ('37' for MAMBO-1 and '117' for MAMBO-2). Several products are given if a dense core was observed with both arrays. The last column lists the minimum noise level in a map after smoothing to 20 ′′ resolution. Notes: a) B18-4 and B18-5 were observed together in one field.
tion. "Secondary" calibrators of constant but not a priori known flux density were observed every few hours. The scatter in their retrieved flux densities suggests a relative map-to-map calibration uncertainty < 15%, suggesting an absolute uncertainty of order 20%. Part of the data were already presented by Crapsi et al. (2004 , Crapsi et al. (2005, for TMC-2 and L492), Young et al. (2004a , and Schnee et al. (2007b, for TMC-1C) . The raw data for these sources are included in this work and are partially complemented by additional maps 2 . The table lists , from left to right, the core name adopted within the c2d collaboration, names for the cores adopted by other authors, the core distance, the type of the core (i.e., starless, YSO, or VeLLO), the approximate galactic environment of the dense core, and whether Spitzer data is available for the core. The last column gives a rough description of the morphology of the subcores (i.e., extended substructures; see Sec. 3.2) within each core using the c2d standard morphology keywords (Enoch et al. 2006; see Sec. 3 .3 for a description). Dobashi et al. (1994) , and association to L1041; [9] Straizys et al. (1992) , and association with L1172; [10] via reddening, following Bourke et al. (1995); [11] Kun (1998); [12] Pagani & Breart de Boisanger (1996) , via association to B164; [13] Kun & Prusti (1993); and [14] Yonekura et al. (1997) , via association to L1192/L1200. b) The abbreviations mark starless cores ('s.l.'; these have no known star within the core boundaries defined in Sec. 3.2), YSO cores ('YSO'; YSOs within the core boundaries), and VeLLO cores ('Ve.'; VeLLOs within the core boundaries). The cores L1521-2, B18-1, TMC-1, and L1622A are excluded from the YSO category since the YSOs are off the main core body. See Sec. 4.1 for a discussion of the association between YSOs and dense cores.
c) The designation of regions roughly follows Dame et al. (1987) , Maddalena et al. (1986) , Yonekura et al. (1997), and Dobashi et al. (1994) . d) Cores with data from the c2d project are labeled 'c2d'. For other cores existing Spitzer imaging data is indicated in the table, and the Spitzer program numbers and PIs are: GO 3584 (Padgett) and GO 20302 (Andre) for B18-4; GO 20339 (Stauffer) for L1582A; GO 3315 (Noriega-Crespo) and GTO 47 (Fazio) for IRAS05413; GTO 47 (Fazio) for L1622A; GTO 94 (Lawrence) and GTO 53 (Rieke) for L183; L 30574 (Allen) and IOC 717 (Rieke) for L1172A; and GTO 124 (Gehrz) for L1177. e) The c2d standard keywords are adopted from the c2d Bolocam survey by Enoch et al. (2006) . See Sec. 3.3 for a description.
Data Reduction
Classical Limitations & A new Strategy
The reduction of bolometer data for extended sources is still an evolving art, in particular when dealing with faint emission. The basic problem is that the brightness of the sky usually exceeds the intensity of the astronomical sources by 2 to 4 orders of magnitude (e.g., at 1.2 mm wavelength the intensity from a 300 K atmosphere of optical depth ≥ 0.1 exceeds the intensity from interstellar dust at 10 K with an H 2 column density ≤ 10 23 cm −2 by a factor ≥ 640). The sky brightness (and if possible also its rapid fluctuations known as "skynoise", that contribute to the noise) thus has to be subtracted during the data reduction. This subtraction unfortunately can introduce artifacts to the derived maps.
Specifically, classical data reduction algorithms filter a significant fraction of the source flux when sources have a size comparable to the size of the bolometer array (relevant when subtracting skynoise), a size similar to an individual bolometer map (i.e., before mosaicing; relevant when subtracting the mean sky brightness as, e.g, the minimum intensity in the map), or both. (Note that these fundamental problems also affect maps from modern total-power bolometers like LABOCA 3 , SCUBA-2 4 , and Bolocam 5 . A detailed analysis of this problem for Bolocam has been given by Enoch et al. (2006) .) This is the case for a large fraction of the sources studied in our sample. We therefore implement an innovative data reduction scheme that partially mitigates classical reconstruction problems.
The central element of our data reduction algorithm is the subtraction of the expected signal due to the astronomical source (based on a source model) from the raw data before determining and then subtracting from it the mean sky brightness and skynoise. This processed raw data is then turned into a map. The sum of this "residual" map (since source emission is subtracted) and the source model yields an improved source model that can be used in further iterations. This approach has the advantage that the resulting source model suffers from lesser artifacts due to skynoise and sky subtraction than if no existing knowledge of the source structure was used during the subtraction. The initial source model for the iterative scheme comes from a map created using classical (i.e., biased) algorithms. It can be shown analytically that, in the ideal case without noise, sources much larger than in the classical approach can be recovered. In our iterative scheme, the residual intensities decrease with a factor 2 −n , where n is the number of iterations. To be specific, full recovery of the source structure requires the source diameter, d source , to be smaller than the effective map size,
where ℓ scan and ℓ chop are (following IRAM terminology) the scan length and the chop throw (of the secondary mirror), respectively. Slightly larger sources can still be recovered, but convergence is slower than 2 −n . This size can be increased by mosaicing. Classical methods, on the contrary, require for full recovery (with d array being the array diameter)
when not subtracting skynoise, and have the additional constraint
if doing so. Mosaicing will furthermore bias intensities. Experiments with simulated raw data including noise show that the simulated maps are consistent with the above ideal analysis. In a formal sense, the improvements due to our approach thus mean that observations are only limited by Eq. (1), while conventional approaches are limited by Eqs. (2) and (3). The gain in mapping parameter space is illustrated in Fig. B .1 in Appendix B. There, we also present a direct comparison between maps derived using conventional methods to those from our approach (Fig. B.2) .
For typical MAMBO map sizes ℓ scan = 360 ′′ to 540 ′′ and chop throws ℓ chop = 60 ′′ sources with diameters d source < 6 ′ to 9 ′ can thus be recovered without significant bias when using our new approach. For comparison, when using the larger MAMBO-2 array, classical algorithms would only recover sources with a diameter d source < 3 ′ to 6 ′ , where skynoise filtering sets the additional constraint that d source < 4 ′ even for much longer scan lengths.
Implementation
Our iterative data reduction scheme is implemented using the MOPSI software package, which is developed and maintained by R. Zylka (IRAM Grenoble); for L1521B-2 we used MOPSIC, an upgrade of MOPSI also able to handle data obtained using the "rotated" wobbler. These packages provide subroutines to estimate and remove the correlated skynoise, to reconstruct maps from chopped bolometer data using the EKH algorithm (Emerson et al. 1979) , to simulate chopped intensity difference maps for given source models, and many other tools. These routines are combined to carry out our iterative data reduction scheme.
During the first iteration no skynoise is removed. The chopped intensity difference maps derived for each epoch are co-added and then restored using EKH reconstruction. In the resulting map the area with emission is then marked by hand. The intensity for the area outside the area with emission is set to zero, as is done for all pixels with negative intensity inside the area with emission. The modified intensity map is then smoothed to an effective resolution of 20 ′′ , except for visually selected areas with strong emission, where the data is smoothed to 14 ′′ resolution. This smoothing increases the signal-to-noise ratio for emission more extended than the beam. This map is then taken as the source model for the second iteration.
In the further iterations the simulated chopped intensity difference map for the source model is first subtracted from the raw data for every single observation. Then the correlated skynoise is estimated and subtracted in these residual maps. We use a correlation exclusion radius of 50
′′ for all sources with data from the 37 receiver MAMBO-1 camera (i.e., for each array receiver a neighborhood of 50 ′′ radius is excluded when estimating skynoise, since this reduces intensity biases), and 100 ′′ otherwise. To remove offsets due to sky intensity and instabilities, a constant intensity (i.e., a baseline of order 0) is then subtracted from each receiver signal for every scan lag. A co-added intensity map including all observations is then derived using EKH restoration. This map is then added to the source model, and a source model for the next iteration is derived as done above. In total 10 iterations are performed. Note that the smoothing of the source model does not reduce the resolution in the reconstructed maps: the source map derived at the end of every iteration is corrected for differences between the actual and model source structure due to smoothing since these show up in the residual maps finally added to the source model.
The final maps presented here are usually smoothed to an effective resolution of 20 ′′ , though they are available for resolutions down to 11
′′ . This smoothing improves the signal-to-noise level for emission more extended than the beam. In order to facilitate comparison with maps of different resolutions the data are calibrated in mJy per 11 ′′ beam. Further weight maps give the variation of the effective integration time per pixel across the map. They are calculated during the data reduction and used to calculate noise maps. The noise increases with increasing distance from the map center due to a decrease in exposure time towards the map boundaries. Figure 1 presents the intensity maps of the dense cores covered by our MAMBO observations. The minimum noise level in the maps ranges from 0.8 to 2.0 mJy per 11 ′′ beam and is listed for each source in Table 2 . To facilitate comparison, all maps are drawn with the same contouring levels and to the same angular scale.
Results
Maps
In most sources the maps reveal extended emission on scales of several arc-minutes, and in many fields the presence of compact emission with a full width at half maximum of only a few beams. Compared with many other bolometer surveys that often detect only the most prominent intensity peaks, our MAMBO maps are very rich in structure.
In spite of our careful data reduction, some maps are still affected by artifacts such as stripes in the scanning direction and extended areas of negative intensities. Sources significantly affected by this are given lesser weight in our analysis. These are in particular objects with obvious scanning stripes in their boundaries (e.g., L183 C4; see below for object names), i.e., series of intensity peaks in the scanning direction separated by the chop throw, those located at map boundaries (e.g., L183 C6), or with a low intensity contrast to the surrounding at the object boundary (e.g., L1082C-2 C1; often due to artifacts).
[The journal article will be accompanied by the maps in FITS format.]
Source Identification and Quantification
The MAMBO maps reveal extended emission and compact emission peaks with no direct correspondence between these. We therefore separately identify and quantify extended features, which we term 'subcores', emission peaks in these subcores, and additional 'significant peaks' that fulfill some significance criterion and are not necessarily located within the subcore boundaries.
For some properties it is not possible to derive their uncertainties by Gaussian error propagation. In these cases we run Monte-Carlo simulations with artificial noise with properties identical to the actual one to estimate the uncertainties. Uncertainties are then derived as the standard deviation of the derived values. To reduce the noise level for the extended emission, all quantities derived for the cores and peaks are derived from maps smoothed to 20 ′′ resolution unless noted otherwise.
Extended Structures
Identification Our source identification method aims at a formal definition of what a human investigator would intuitively identify as a source. Our criteria are therefore not mathematically exact, but adopted from a series of trial-and-error experiments.
To identify sources we generate signal-to-noise ratio (SNR) maps for a beamsize of 20 ′′ , which are then smoothed to a spatial resolution of 60 ′′ . Regions above an SNR of 2 in these maps are taken as source candidates. Obvious artifacts at the rim of the maps are excluded. The remaining area above an SNR of 2 is then hand-divided into 'subcores'. For this we search the 60 ′′ SNR maps for saddle points and draw core boundaries by following the gradient. This scheme is conceptually similar to, but not identical with, the "CLUMPFIND" algorithm by Williams et al. (1994) . Our scheme thus assigns all emission above an SNR of 2 to some 'subcore'.
Quantification Table 3 lists general information on the identified subcores. For each subcore we list the centroid position, defined as the mean position of the pixels in each subcore, where the pixels are not weighted by their intensity. The quoted uncertainties reflect the influence of statistical noise, while systematic contributions are not folded in. For each field mapped the subcores are labeled by a 'C', followed by a number in order of increasing right ascension. In the tables a star marks those cores associated with a YSO (see below). Cores with uncertain properties due to an unreliable reconstruction are marked by square brackets.
We then list the area assigned to the subcore, A, and the corresponding effective radius,
Furthermore, we derive the flux densities, F, and the corresponding masses, M, for the total subcore's area (subscripts 'tot') and for the area above 50% of the peak intensity for the respective subcore (subscripts '50%'). The masses are derived from the flux densities as described in Sec. 3.2.3. Finally, Table 3 lists the maximum SNR for each subcore, S beam max . The uncertainties of F tot and M tot are derived by Gaussian error propagation of the measured noise level. For F 50% and M 50% the uncertainties are estimated by the Monte-Carlo experiments described above. Table 4 lists geometrical information on the identified cores. This is done by fitting ellipsoids to the area above 50% of the peak intensity for the respective core (no weighting by intensity is applied) 6 . We give the major and minor axis, a and b, their ratio, and the position angle (east of north). The filling factor, f , gives the fraction of the fitted ellipse filled with emission above 50% peak intensity. Low filling factors indicate cases in which ellipses are a bad fit to the observed intensity distributions. We also list the effective diameter for the area above 70% of the peak intensity, r 70% . No attempt has been made to separately handle subcores in which the emission from two or more peaks contributes to r 70% . In these cases r 70% is overestimated by an uncertain amount.
Peaks
Identification In order to quantify all intensity peaks in our maps we study the peak position of every identified subcore. In addition we search each map manually for 'significant peaks'. These have an SNR of at least 4 and can be spatially separated from already identified peaks. To identify them we search the map for local intensity peaks with an SNR ≥ 4 and draw the 7 surrounding contour at the peak intensity minus three times the local noise level. Such a peak is taken to be significant if no brighter peak is situated in this contour. In the area outside identified cores we also require that there is also no fainter local peak within the contour. This additional restriction excludes most artifacts.
Quantification Peak properties are listed in Table 5 . The quoted uncertainties reflect the influence of statistical noise, while systematic contributions are not folded in. For each mapped field peaks are labeled by a 'P', followed by a number in order of increasing right ascension. Uncertain peaks, which are not well reconstructed, are marked by square brackets. These were identified by searching the maps for peaks close to map boundaries, and those affected by scanning stripes.
Besides the peak position we give the subcore to which the peak belongs, if applicable. The peak intensity, F beam max , is listed besides the corresponding peak H 2 column density and visual extinction, N(H 2 ) and A V . These are derived using the c2d standard assumptions on dust properties, as outlined in Appendix A, but they are only listed for starless cores for which there is no internal heating. In YSO cores the dust temperature exceeds 10 K and needs to be calculated separately for each source (Sec. 3.2.3). Also given are the flux density and the corresponding mass within an aperture of 4 200 AU radius, F 4200AU and M 4200AU , as derived in Sec. 3.2.3. This aperture of constant physical diameter is a better measure of the mass distribution than the central column density since, for close enough sources, beam smearing does not play a role. The specific radius of 4 200 AU is somewhat arbitrary; Motte & André (2001) used it before, given that it matches 30
′′ at the distance of Taurus (≈ 140 pc) and is about the radius of an envelope's volume available for YSO formation (Sec. 5.3.3). We finally list the flux density for the c2d standard apertures of 20 ′′ , 40 ′′ , 80 ′′ , 120 ′′ diameter (e.g., Young et al. 2006a and Wu et al. 2007) . In deviation to most other parts of this work the flux densities for the apertures are derived from unsmoothed maps since the smoothed maps sometimes have a resolution comparable to the aperture size.
Mass and Column Density Estimates
Mass and column density estimates for starless cores are derived from the observed flux densities assuming the c2d standard dust emission properties, i.e., a dust temperature of 10 K and an opacity of 0.0102 cm 2 g −1 (per gram of ISM) at MAMBO's effective observing wavelength. Appendix A presents a detailed discussion of the conversion between mass and dust emission. The related discussion of uncertainties in temperature and dust opacities suggest a systematic uncertainty for mass estimates of an order of a factor two. Dust near YSOs is, however, heated by the YSO radiation, and for later YSO stages likely to be more coagulated than interstellar dust. Therefore, we adopt higher dust temperatures and opacities when deriving masses for YSO cores. The temperature gradients also prevent us from deriving meaningful estimates of the peak column density of YSO cores; therefore we do not quote values.
The dust temperature near YSOs can be estimated from analytic models of temperature profiles for YSO envelopes cooling via dust emission. For opacities with power-law dependence on wavelength, κ ∝ λ −β , where β is the emissivity spectral index, the dust temperature profile in a YSO envelope only heated radiatively by the star is
where q = 2/(4 + β), L is the luminosity, and r is the distance from the star (Terebey et al. 1993) . The numerical values hold for β = 1, which is consistent with observations (e.g., Belloche et al. 2006 ) and assumed in the following. Rearrangement allows for an estimate of the radius at a particular dust temperature,
However, in absence of nearby stars, the interstellar dust is heated by the interstellar radiation field and in collisions with gas (which is heated by cosmic rays and the UV-part of the interstellar radiation field), which produces a typical equilibrium temperature of order 10 K (e.g., Goldsmith 2001; see Evans et al. 2001 , Galli et al. 2002 , and Young et al. 2004b for actual core temperature models). The dust temperature cannot drop below this value, so that
For this temperature profile Belloche et al. (2006) derive the mass-weighted dust temperature. This assumes optically thin dust emission, which applies to the majority of the mass. Only the densest and hottest parts of an envelope might be optically thick, which leads to an insignificant bias towards slightly overestimated average dust temperatures. For this calculation we assume the density profile in a subcore to be roughly described by a power-law, i.e. ̺ ∝ r −p , where ̺ is the density and r is the distance from peak center. Then the mass-weighted dust temperature within an aperture of radius R is
For YSO peaks and subcores we use this average temperature to derive masses from the flux densities of the whole subcore, of the area above 50% peak intensity, and of an aperture of 4 200 AU radius. In these cases the aperture radius R is set to be the effective core radius of the whole core, or the geometric mean of the major and minor axis at 50% peak intensity, or 4 200 AU, respectively. We assume a power-law exponent of p = 2 for the density profile (i.e., profile for a singular isothermal sphere; Shu 1977) . The mean dust temperatures are thus overestimated for density profiles shallower than ̺ ∝ r −2 . The YSO luminosities are taken to be identical to the bolometric luminosities derived in Sec. 4.2. For the VeLLOs associated with L1521F P1, L1148 P1 (a VeLLO candidate), and L1014 P1, however, we use the better constrained "internal luminosities" derived by Bourke et al. (2006) , Kauffmann et al. (in prep.) and Young et al. (2004a) . Given the observed luminosities, the temperatures assumed for class I sources are (15±3) K, while for class 0 sources they reach from 10 to 24 K and 21 K is derived for the only class II source (in L1021 P1; see below for YSOs and their classes).
The uncertain density profile leads to an uncertain mass estimate. We consider a range in the exponent p from 2 to 3/2, as expected for YSO envelopes (Shu 1977) , in order to gauge the uncertainties in the mass estimate. This shows that the aperture averaged temperatures in power-law envelopes, and correspondingly the derived masses, are uncertain by 30% and less.
For the dust near class II YSOs we adopt an opacity of 0.02 cm 2 g −1 because of an expected enhanced coagulation (Motte & André 2001 , Ossenkopf & Henning 1994 . For the other YSO and starless cores we adopt the standard c2d opacity, which is 0.0102 cm 2 g −1 at MAMBO's observing wavelength. Circumstellar disks might also contribute to the millimetre continuum emission. Their contribution to apertures with radii ≥ 4 200 AU is estimated to be 10% for YSOs of the classes 0 and I (Motte & André 2001) . The emission from the disks does therefore not significantly bias our envelope mass estimates for the youngest YSOs. Class II YSOs, in contrast, are not expected to have envelopes (e.g., Andre et al. 2000 and references therein); their emission is dominated by compact ( 1 000 AU) disks with a temperature above the one estimated from Eq. (8). Our procedure will thus overestimate the mass for YSOs with significant disk emission.
Overview of Source Properties
We use the morphology keywords adopted by Enoch et al. (2006) to describe our maps. These are summarised in Table 1 and can be employed to compare the dense core morphologies revealed by our maps with those found in other c2d bolometer surveys.
All dense cores that were observed are detected in our maps, i.e., the maximum SNR in the map is at least 4. For one source only 'weak' emission is detected, meaning a peak SNR equal to or below 5; all other sources are brighter. In total 21 cores (55% of all cores) have at least two peaks separated by less than 3 ′ , and we consider them to be 'multiple'. All cores are 'extended', as they contain at least one subcore with an equivalent radius exceeding 30
′′ . We take all subcores with a major-to-minor axis ratio exceeding 1.2 to be 'elongated', and the others to be 'round'. Then 6 cores (16%) only contain round subcores, 21 cores (55%) only contain elongated subcores, and 9 cores (24%) contain both round and elongated subcores. Figure 3 gives an overview over the sizes, masses, column densities, and ellipticities of well reconstructed subcores. These have typical values in the range (1 to 6)·10 4 AU = 0.05 to 0.30 pc for the effective radius, 0.5 to 20 M ⊙ for the subcore masses, 0.1 to 1.0 M ⊙ for the mass within 4 200 AU from the peak, and major-to-minor axes ratios at 50% peak intensity ranging from 1 to about 4. Implications from these properties for the physical state and evolution of dense cores and YSOs are discussed in Sec. 5.
Supplemental YSO Data
For the c2d MAMBO survey to be fully exploited, it needs to be complemented with information on the YSOs covered by the maps. Most of our analysis below is based on IRAS data since c2d finally observed only half of the YSO (& VeLLO) cores in our sample (i.e, 8 out of 17) and a homogeneous characterization is not possible based on c2d Spitzer data only. Also, we only use c2d photometry for Spitzer source characterization to guarantee homogeneity, implying that some images in the Spitzer archive cannot be used for the present study. All YSOs visible in Spitzer images are, however, either characterized by IRAS or Spitzer, with the singular exception of a Spitzer source in L1582A not covered by c2d data and not detected by IRAS. 
Notes: a) Probably an artifact since no corresponding Spitzer source exists. Moshir & et al. 1990 ) not associated with intensity peaks in the MAMBO maps, and Table 8 lists those that are associated. The sources are considered to be associated with subcores and peaks detected by MAMBO if the separation between an IRAS source and a MAMBO subcore or peak is less than the uncertainty of the separation at the 2σ level (i.e., the IRAS uncertainty ellipse plus the MAMBO pointing error). These sources are most likely physically associated with the dense cores and are assumed to be young stars. We include IRAS sources of any quality. This in principle could lead to considerable bias of our sample, since also extragalactic sources and late type stars would be picked up by these criteria. However, only a single IRAS source projected onto well detected emission is not detected as a MAMBO intensity peak (i.e., in L1521-2 C1; see Table 7 ); all other IRAS sources that lie within subcore boundaries but are not detected as MAMBO peaks are either detected as extensions in the MAMBO intensity Table 8 . Properties of MAMBO-detected IRAS sources. For every core in the c2d MAMBO survey the table lists dust emission peaks and, if applicable, the related subcore associated with an IRAS source (Sec. 4.1 discusses the identification of associated sources; FSC sources are preceded by an 'F'). Associated 2MASS sources are listed too. The table further lists the spectral index between 12 and 25 µm wavelength, the bolometric temperature and luminosity, the submillimetre-to-bolometric luminosity ratio, the mass within a peak-centered aperture of 4 200 AU radius, and the infrared SED class. contours (in B18-4 C1), projected onto noisy parts of a MAMBO map (in L1622A C2), or of dubious quality and discarded anyway (in L1148 C2).
Associated IRAS, 2MASS, and Spitzer Sources
The criterion of association is relaxed for IRAS05413 P2, L1100 P1, and L1082C P1. For these sources inconsistencies between the IRAS PSF and FSC indicate positional errors of order 1 ′ , and we associate them with neighboring MAMBO peaks since these would be unusually bright and compact for starless peaks. For IRAS 20410+6710, which is projected onto L1148 C2, our more sensitive Spitzer maps show no corresponding source in the MIPS bands. We therefore consider this IRAS source to be an artifact.
For those IRAS sources associated with dust emission peaks it is possible to significantly improve the accuracy of their position by adopting the position of the MAMBO peak. This then allows for a search of 2MASS counterparts of these sources. We do so by searching for 2MASS sources less than 10 ′′ away from the MAMBO peak. If several 2MASS sources are found we assume the one closest to the MAMBO peak to be the counterpart. The identified counterparts are listed in Table 8 . If no counterpart is found, 2MASS upper limits are taken to be similar to those of nearby 2MASS sources with upper limits.
This combined data yields a spectral coverage with data near 1 µm wavelength (from 2MASS), a well sampled range from 12 to 100 µm (from IRAS), and information at 1 200 µm (from MAMBO). For consistency with previous work (e.g., André et al. 1999 and André 2001) , and to avoid problems of distance bias, we use dust emission flux densities for the 4 200 AU aperture to study the spectral energy distributions.
In Table 9 we also present a list of Spitzer point sources from the 3rd c2d data delivery 7 associated with MAMBO dust emission peaks. To identify associated objects we search our maps for Spitzer sources that are detected as point sources at 24 µm wavelength, have a 24 µm flux ≥ 2 mJy, and are offset by less than 20
′′ from a dust emission peak. We use the 24 µm data for our search since in this band Spitzer reliably picks up sources with infrared emission apparently in excess of the photospheric emission.
The choice of the flux and offset cuts is guided by previous knowledge about sources in our sample. The 24 µm flux cut for our search must be ≤ 2 mJy, since manual inspection of our maps reveals YSOs of such flux in our sample (e.g., SSTc2d J223105.6+751337 in L1251A). The offset cut must be ≥ 10 ′′ , larger than offsets recently observed for YSOs in our sample (L1014-IRS; see Huard et al. 2006) . Using the c2d processed source catalogues (documented as part of c2d's 4th data delivery) for the area surveyed by the Spitzer Wide-Area Infrared Extragalactic survey (SWIRE; Lonsdale et al. 2003) , with our criteria we expect to find 1.07 chance alignments between extragalactic background objects and one of the about 110 dust emission peaks in our MAMBO maps. Table 10 furthermore gives a list of prominent YSOs detected in Spitzer data not taken by c2d, defined as previously known IRAS YSOs. This excludes sources in L1622A, since these are not well covered by our MAMBO maps. One source in L1582A that has apparent outflow nebulosity and was not detected by IRAS is also included. We cannot, however, associate a MAMBO peak to this star, and we therefore have to exclude it from the further analysis. Manual inspection of the images did not reveal further probable YSO candidates. No c2d photometry exists for these images, and the Spitzer source properties are not further discussed in the following, except when refining YSO positions (Sec. 5.4.6). Including the object in L1582A, the combined Spitzer data thus shows 7 YSOs in cores previously believed to be starless (Table 11 ). Four out of these (including the VeLLO candidate in L673-7) are reported here for the first time.
The data on the MAMBO-associated Spitzer sources is complemented by 2MASS data where possible. Given the nominal positional uncertainties, 2MASS sources within 2 ′′ from Spitzer sources are assumed to be counterparts of these. For Spitzer sources without 2MASS counterparts upper limits to their flux densities in the 2MASS bands are derived from upper limits for nearby 2MASS sources not detected in all filters. The source emission is thus probed in the 1 to 70 µm wavelength range (by 2MASS and Spitzer; no c2d Spitzer data is available at 160 µm) and at 1 200 µm (from MAMBO for the 4 200 AU aperture).
Note that probably many more Spitzer sources are associated with the MAMBO cores observed in our study. However, here we are only interested in sources directly associated with features (i.e., peaks) seen in our MAMBO maps. The discussion of the other sources -which are expected to belong to the YSO classes II and III, since they lack significant millimetric dust emission -is deferred to a later paper. Also note that the emission of some YSOs might be spatially confused with dense core emission. For example, the PSC source 04326+2405 in B18-4 (marked by the only circle) might manifest as an extension in the MAMBO dust emission contours, which however cannot be uniquely separated from the dense core emission. 
YSO Properties
Below we characterise the sources associated with dust emission peaks. All our target cores were covered by the extensive but insensitive IRAS and 2MASS surveys. These data thus allows for a homogeneous quantification of all sources in our survey that are brighter than a few times 0.1 L ⊙ . Fainter sources could only be detected by Spitzer, from which data exists only for a fraction of our dense cores. Given the differences in the spectral bands probed by these instruments, it is difficult to compare a source only detected by 2MASS and IRAS to one only detected by 2MASS and Spitzer. In order to explore and suppress related biases in estimates of source properties, we therefore analyse the Spitzer and IRAS data separately. To better distinguish results from the different approaches, in the following properties are labeled by the data source used to derive them (superscripts 'IRAS' and 'SST', the latter for the Spitzer Space Telescope).
Estimates from IRAS and 2MASS Data
Following Lada (1987) , the spectral properties of young stars can be characterised by the spectral index between 12 and 25 µm wavelength,
Spectral indices are listed in Tables 7 and 8 for all IRAS sources in the MAMBO maps, if detected in these bands. They roughly probe whether the spectral energy distribution (SED) is dominated by photospheric or envelope emission and are sometimes used to classify observed YSO SEDs within evolutionary schemes (Lada 1987) . For the IRAS sources associated with MAMBO peaks for which 2MASS data is available, we calculate the bolometric temperature defined by Myers & Ladd (1993) ,
where
F ν dν is the flux-weighted mean frequency, ζ is the Riemann zeta function, and h and k B are Planck's and Boltzmann's constant. We integrate across the SED by interpolation between observed 2MASS and IRAS bands. For this we use piecewise power laws matching the flux densities, as indicated in Fig. 2 . At 500 µm wavelength these connect to a power-law representing a modified blackbody of opacity ∝ λ −2 and 15 K temperature that is tuned to fit the MAMBO data; piecewise powerlaws are adopted to hold between λ = 500 µm and 1200 µm (which is MAMBO's central wavelength), and λ = 1200 µm and ∞ (adopting a flux density distribution ∝ λ −4 ). For opacity-modified blackbodies of 10 to 20 K temperature this approximates the actual flux density at λ = 500 µm within a factor of 1.5. The related uncertainty on integrated properties is much lower though, since the submillimetre part of the SED usually only contributes a few percent to the total luminosity (see, e.g., Table 8 ). The integration extends from the 2MASS bands at ≈ 1 µm to infinity. Unlike Myers & Ladd we treat all flux density upper limits like actual detections. Therefore, the derived bolometric temperatures must be interpreted with some caution, if a source is not detected in some of the bands. In these cases lower and upper limits are assigned to the bolometric temperature, depending on whether adopting flux densities below the The top panel shows the infrared star SSTc2d J222959.5+751404 associated with the P3 peak in the C2 subcore of L1251A, while the bottom panel shows the data for IRAS 04325+2402 associated with the P1 peak in B18-4. The SEDs are composed from 2MASS, Spitzer or IRAS, and MAMBO data, as indicated by labels. Also indicated are the interpolated datapoints at 500 µm that is calculated from the MAMBO flux density assuming a dust opacity ∝ λ −2 and a dust temperature of 15 K. Straight lines indicate the flux density interpolation used to calculate the bolometric luminosity and temperature indicated in the upper right corners (as well as the mean wavelengths calculated as c/ ν from Eq. [10] and indicated at the frame bottom). Only limits can be derived on T bol and L bol because of some upper limits in the 2MASS data; a conservative lower limit to the luminosity is set by the sum of opacity-modified blackbodies matched to the SED at short and long wavelength (dashed lines, drawn for opacities scaling ∝ ν 0 to 2 ; see text for details). The "sign" of the bolometric temperature limits is set by the mean wavelength lying at longer wavelength than all photometric bands with upper limits. upper limits would increase or decrease the calculated mean frequency, respectively.
Based on the derived bolometric temperature the YSOs are separated into four infrared classes. Following Chen et al. (1997 Chen et al. ( , 1995 all stars with T bol < 70 K are considered to be class 0 sources. Those with 70 ≤ T bol /K < 650 belong to class I, for 650 ≤ T bol /K < 2880 they belong to class II, and class III sources have T bol ≥ 2880 K. In case of upper or lower limits to the bolometric temperature, the class corresponding to the derived limit is given. This treatment of uncertainties in class assignments is somewhat unsatisfying, however it does not influ-ence our later analysis that is based on the numerical value of T bol .
Sources in a given class (i.e., with similar bolometric temperature) are believed to be in a similar evolutionary stage (Chen et al. 1995 and Chen et al. 1997; see Young & Evans 2005 for illustrative examples). In their evolution from a deeply embedded object to a star surrounded by a remnant dust disk, YSOs are though to pass through phases 0 to III in increasing order. Thus class 0 objects would represent the youngest YSOs and class III objects would be in a stage just prior to the main sequence. Almost all of the MAMBO-detected stars covered by the present survey are in classes 0 and I; only one class II and no class III object are among them.
From the interpolated SED we derive an estimate for the bolometric luminosity,
for IRAS sources associated with MAMBO dust emission peaks. If the source is detected in a few bands only, an upper limit to the bolometric luminosity is calculated by integrating across the flux density upper limits, while a lower limit is given by the sum of the maximum 2MASS "monochromatic luminosity", νF ν , plus the maximum detected νF ν in the bands of longer wavelength (see Fig. 2 for an illustration). The latter builds on the fact that for blackbodies modified by an opacity scaling with frequency as ν 0 to 2 , the bolometric luminosity is the peak value of νF ν times a factor 1.05 to 1.36. In a similar fashion we derive the luminosity in the submillimetre wavelength range,
where c is the speed of light. For both luminosities we also quote uncertainties due to statistical noise, while we do not consider systematic contributions. The aforementioned uncertainties in the submillimetre SED near 500 µm wavelength do, however, render the submillimetre luminosity uncertain by a factor of order 2; no precision measurements of it from our data is possible.
Estimates from Spitzer and 2MASS Data
The YSO properties derived from Spitzer and 2MASS data (Table 9) are calculated using methods similar to those adopted for the combined IRAS and 2MASS data. The spectral sampling at wavelengths 25 µm is, however, much worse than for the combined 2MASS and IRAS dataset, resulting in more uncertain estimates for cold sources (with SED peaks at wavelengths 25 µm, i.e. with T bol 160 K). The spectral index for the 2MASS and Spitzer bands, α 24 µm 2.2 µm , is derived by fitting the monochromatic luminosities in the 2.2 to 24 µm wavelength range by a power law. It is, thus, not directly comparable to the spectral index derived from IRAS data.
Four stars in our sample might qualify as VeLLOs, given that they appear to be embedded in dense cores and have internal luminosities likely below 0.1 L ⊙ . This group includes the sources associated with L1521F P1, L1148 P1, and L1014 P1, which have been subject to detailed studies Kauffmann et al. 2005, and in prep.; Young et al. 2004a ). These studies confirm the spectral properties found here. In particular, based on detailed radiative transfer SED modeling, they support the prevalence of internal luminosities < 0.1 L ⊙ . This is an important factor, since the SED analysis presented here has bad spectral sampling at long wavelength, leading to uncertain properties for cool sources. It is also not suited to single out the internal luminosity due to an embedded VeLLO. Note that SED modeling of the source in L673-7 has not been presented so far, leading to a more uncertain status of this source.
Given the evidence for YSO outflows from scattered light nebulosity and outflows seen in CO, the stars in L1521F P1, L1014 P1, L1148 P1, and L673-7 P1 are proven to be associated with the respective cores and are not unrelated background objects (see the above references and additionally Dunham et al., in prep., for L673-7, and Bourke et al. 2005 for L1014) . A recent search for YSOs with internal luminosities < 0.1 L ⊙ by Dunham et al. (in prep.) lists three of these sources in their "group 1" of confirmed low-luminosity YSOs; L1448-IRS is listed in their "group 3" of good, but unconfirmed, candidates for low-luminosity YSOs. The star in L1251A P5 however, for which our above analysis suggests a low luminosity, is not likely to be a VeLLO since its luminosity limits appear to be too high.
Properties chosen for the Analysis
The above analysis yields two different sets of properties, one based on Spitzer data, one based on IRAS. For the bright sources of a few 0.1 L ⊙ , the bolometric temperatures and luminosities estimated from IRAS data are used for the further YSO analysis. This is the preferred option because IRAS data is available for all our cores, and because Spitzer fails to detect a significant fraction of the YSO emission at long wavelengths (see Sec. 5.4.3, leading to biased estimates. We abstain from constructing SEDs combining flux densities from IRAS and Spitzer in order to better control mission-related systematic trends in the data. The IRAS data might, on the other hand, suffer from contamination of unresolved nearby sources. Such contamination is not apparent at a significant level in any of the cases where we have data from both IRAS and Spitzer though.
Fainter sources are usually only detected by Spitzer. Thus, Spitzer data is used for the study of the sources in L673-7 P1, and L1251A P4 and P5. For L1521F P1, L1148 P1, and L1014 P1 results from the more involved Spitzer data analysis by Bourke et al. (2006) , Kauffmann et al. (in prep.) , and Young et al. (2004a) are used.
Analysis
In this section we exploit the survey data in order to better understand the state and evolution of starless and YSO dense cores. We discuss the general core properties before we turn to the discussion of specific issues. Throughout the following discussion we exclude starless peaks and subcores with uncertain properties, unless noted otherwise. Figure 3 shows the frequency distributions of some properties of well reconstructed dense cores. Some conclusions about the physical state of individual cores, and of dense cores in general, can be derived from these distributions.
General Core Properties
Radius
The sizes of YSO cores are on average larger than those of starless and candidate VeLLO cores. This could to some extent be an observational bias. Only one YSO subcore in our sample is at At small radii the size distribution of starless cores is limited by the beam size; their number steeply drops to zero at the resolution limit. We might miss a population of small subcores.
Total Mass
The mass of the subcore L1622A C3 exceeds the mass of all other subcores by a factor 1.8 and more. Given that L1622A is one out of only 3 dense cores located in the Orion star forming complex, in which special environmental conditions prevail, it might be that L1622A C3 has, e.g., a mass much larger than the other cores in our sample. However, the extreme mass contrast to all other cores does cast some doubt on this.
It might be that L1622A is warmer than most other cores. By adopting a dust temperature of 10 K one would then overestimate the true mass. Furthermore, substructure easily disentangled in more nearby cores may be confused in L1622A, the core with the largest distance in our sample (450 pc). Then the subcore area, and therefore the mass, would be biased towards higher values. This is supported by the fact that L1622A C3 has the largest effective radius of all subcores. Also, L1582A C2 and L1622A C4, which are second to L1622A C3 in mass and are also located in Orion, are second to L1622A C3 in the effective radius. This may hint that mass and size estimates of cores are indeed biased for larger distances.
Thus, data on distant cores must be interpreted with some caution. They might well have extreme properties, but given the lack of sufficient spatial resolution, we cannot be sure about this. Properties of nearby and distant cores are not necessarily directly comparable.
Mass within 4 200 AU
For L1082A P3 the mass M 4200AU exceeds those of all other peaks by a factor 1.7 and more. This large aperture mass contrast may hint on a biased mass estimate. The dust in L1082A P3 might be significantly warmer than 10 K, if this core is heated by an undetected embedded star. Following Myers et al. (1987) , the failure of IRAS to detect a point source in this peak implies (for a distance of 400 pc) an upper limit to the bolometric luminosity of ≈ 0.8 L ⊙ to any embedded source. In this case the average dust temperature could be 15 K instead of the assumed 10 K, and the mass could be overestimated by us by up to a factor of 2. Then M 4200AU would not be unusual for a YSO core. Though this evidence is not conclusive, we, thus, suspect the presence of a heating YSO source in L1082A P3 that is too faint to be detected by IRAS. Unfortunately, no Spitzer data is available for this region to confirm this.
The peak B18-4 P2 is separated from the other starless subcores. As Spitzer images show, no point sources are associated with this peak, and so internal heating cannot explain the unusual value of M 4200AU . A YSO of ≈ 0.5 L ⊙ resides in B18-4 P1, which is separated from B18-4 P2 by 10 000 AU = 0.05 pc. At this distance a YSO of this low luminosity is unlikely to provide significant external heating to the peak P2. Thus the high value of M 4200AU in B18-4 P2 is likely to be real.
The M 4200AU distributions for all types of subcores peak at a mass of ≈ 0.35 M ⊙ . The mean (0.42 M ⊙ , 0.54 M ⊙ , and 0.41 M ⊙ for starless, YSO, and VeLLO cores, respectively) and median (0.35 M ⊙ , 0.48 M ⊙ , and 0.39 M ⊙ , respectively) aperture mass is of the same order. Since this is a typical value for all kinds of subcores, the underlying physical process shaping the distributions must be fundamental. Interestingly, this mass is similar to the mass within 4 200 AU for a (truncated) singular hydrostatic equilibrium isothermal sphere (SIS) of 10 K gas temperature,
Here T g is the gas temperature and the factor ε depends on the density distribution outside a radius of 4 200 AU; it is 1 if the density drops to zero outside 4 200 AU and becomes π/2 ≈ 1.57 if it continues out to infinity. This mass constitutes a critical value for an SIS: no hydrostatic equilibrium solutions exist for higher values of M 4200AU . It thus might be that this critical condition manifests in characteristic values of dense core properties. If this is true it has two interesting implications. First, dense cores would preferentially exist in a close-to-critical physical state. We note that interestingly such near-critical core states have previously been inferred by Alves et al. (2001) and particularly by Kandori et al. (2005) . Second, the total pressure in the core, P, appears to be comparable to the thermal pressure. Contributions to the total pressure from the effect of turbulent gas motions or magnetic fields can not much exceed the thermal pressure. Otherwise the critical mass in the 4 200 AU aperture would be much larger since one would need to replace the gas temperature with some higher effective one, T g → T eff = 2.33 Pm H /(̺k B ) > T g , where m H is the hydrogen mass and the factor 2.33 holds for a gas mixture at cosmic abundance with most hydrogen in molecular form.
Elongation
Only 14% and 44% out of all starless and YSO subcores, respectively, have major-to-minor axis ratios ≤ 1.2 (where the uncertainty is 10% to 20%) and can be considered round; most subcores are not round. Unless these subcores are shaped by magnetic fields, which provide a non-isotropic supporting pressure, they can hardly on the whole be in a state of hydrostatic equilibrium.
The axis ratio distribution is continuous up to ratios of 2.0 and 2.5 for YSO and starless subcores, respectively. Several subcores have much larger axis ratios. Interestingly, two of the most distant subcores have the largest elongations (L1082A C4 and L1622A C3 at distances ≥ 400 pc). This suggests that some cores appear elongated due to unresolved cores within the beam, an effect that on average increases with distance (also see Young et al. (2006b) for this effect in Bolocam maps).
For starless cores, the median axis ratio that we derive, i.e. 1.9, is very similar to those derived from NH 3 (Jijina et al. 1999 , median of 1.5 to 2.2) and extinction maps (Lee & Myers 1999 , mean of 2.4 ± 0.1) of larger core samples. For YSO cores, however, the median aspect ratio of 1.3 for our sample is at the low end of the aspect ratios derived by the above studies (medians of 1.4 to 2.0, respectively a mean of 2.2 ± 0.2, for their YSO cores). This difference is probably an effect of the internal heating on the dust emission intensity distribution (see below).
The axis-ratio distribution has in the past been used to study the intrinsic three-dimensional geometry of dense core shapes. Following Myers et al. (1991) , the median axis ratio of 1.9 for starless subcores (we exclude YSO cores, since internal heating influences the observed shapes; see next paragraph) is the expected projected axis ratio of prolate ("cigarlike") spheroids with an intrinsic major-to-minor axis ratio of ≈ 2.5, and of oblate ("disk-like") ones with an axis ratio of 4 (for an observed ratio > 1.7), respectively 8 We cannot resolve this ambiguity. Some existing theoretical analysis favors prolate cores (Myers et al. 1991; Ryden 1996) , while other work prefers oblate ones (Jones et al. 2001; Jones & Basu 2002; Goodwin et al. 2002; Tassis 2007) .
The median axis ratio of YSO subcores is smaller than that of starless and VeLLO cores. This could be because the YSO heating leads to an intensity peak of small physical size and low aspect ratio (since the heating, to first order, decreases radially away from the star; Eq. 5), which is blurred into a structure of even lower aspect ratio because of beam smearing. On the other hand stars are expected to form in close-to-spherical density enhancements, which in projection show a low elongation (Shu 1977) . Then, YSO cores would be less elongated than the starless cores with their complex shapes at lower intensity contours. Both effects would also explain the aforementioned decrease of the aspect ratio from the large-scale core structure probed by, e.g., NH 3 and extinction maps to the core centers probed by dust emission. A more detailed analysis is needed to separate these effects.
The YSO subcores CB188 C1, IRAS05413 C2, L1100 C1, L1251A C2, and L1251A C4 are well separated from the other YSO cores in the elongation distribution. For IRAS05413 C2, however, the axis ratio is very uncertain (1.9±0.5). The observed elongation is likely to be an observational artifact. In L1251A, where the major axis exceeds the beam size by a factor of several, this elongation likely reflects the morphology of the dense core from which the embedded star formed. For CB188 and L1100, however, where the major axis exceeds the beam size by a factor 3.2 and less, this elongation should reflect the morphology of the immediate density peak from which the young star accretes. This region could be shaped by the interaction with outflows from the central star. An outflow has indeed been detected toward CB188 (Yun & Clemens 1994) and for L1100 there is some evidence for an outflow from broad line wings (De Vries et al. 2002) . For CB188 the position of the outflow axis derived by Yun & Clemens (1994) and the major axis of the dust emission intensity distribution are neither aligned nor perpendicular (position angles of ≈ 75
• and 16
• ± 5 • , respectively). If the elongated structure towards CB188 seen in the MAMBO maps is indeed related to the outflows, then the dust emission feature is likely to trace the wall of an outflow cavity. If it would trace the jet or a YSO disk, the axes are expected to be parallel or perpendicular. While these observations do not prove the interaction between jets and the dense core, they motivate dedicated studies on this issue. A more detailed analysis of the dust emission maps might yield more candidates for jet-core interactions.
Correlations between Core Properties
Correlations between core parameters, like e.g. the famous sizelinewidth relation (Larson 1981) , can provide important hints on the nature of dense cores. Such correlations are indeed seen in our data (Fig. 4) . Unfortunately, many of these cannot be cleanly separated from observational biases, and great care is needed if one wishes to exploit our data in this fashion.
To give examples, our source identification scheme directly leads to a radius-dependent lower limit to the mass, since the intensity will be at least twice the noise level within any subcore, and thus M ≥ 2µ H 2 m H πN RMS (H 2 )r 2 eff (where µ H 2 and m H are the mean molecular weight per hydrogen molecule and the mass of the hydrogen atom, respectively, and N RMS (H 2 ) is the column density corresponding to the intensity RMS; also see Appendix A). Similarly, we cannot detect massive cores of low peak column density, N max (H 2 ), in maps of limited radius, r map , since M ≤ µ H 2 m H πN max (H 2 )r 2 map . Also, we might miss low-mass (and therefore small) cores of high column density because of beam smearing. Similar considerations apply regarding M 4200AU , which can be interpreted as an aperture-averaged column density (that, however, does not suffer from beam smearing).
Given the above uncertainties, we are careful in drawing conclusions from apparent correlations. In other words, parts of the parameter space e.g. explored in Fig. 4 might not be populated because cores in these regions would not be detected given our sensitivities.
Dense Cores and their Evolution
Our data not only reveals cores in various states of evolution but in combination with the complementary YSO data we can also make statements on the progress of dense cores through evolutionary stages. The latter suggests some necessary conditions for active star formation to be possible, while it also indicates diverse evolutionary tracks for individual cores.
Densities from Masses and Radii
A rough estimate of the core densities can be derived from the peak aperture masses when assuming specific density profiles. The estimates will certainly often be off from the actual value by a large factor, but this analysis is still illustrative to understand trends in the data.
We here compare the observed aperture masses and radii at 70% peak intensity to those expected for dense cores with density profiles n(H 2 ) = n c (H 2 )/(1 + [r/r 1/2 ] 2 ), which provides a good approximation to the density structure of starless cores . In this n c (H 2 ) is the central particle density, while r is the radius from the center, and r 1/2 is the radius at which n(H 2 ) = n c (H 2 )/2. Particle densities can be related to Fig. 5 . Relation between the intrinsic radius at 70% peak intensity and the mass within 4 200 AU radius from the peak for VeLLO candidate and starless cores. The plotted effective radii deviate from the ones listed in Table 4 in that the beam smearing is removed (7.
′′ 2 at 70% peak). See Fig. 4 for an explanation of the symbols. The radius bias due to central heating of VeLLO cores (Sec. 5.5.2) is indicated by indicated by arrows. The dotted lines indicate curves of constant central density for some simple density profile of varying radius (see the text for details). The labels give the related central H 2 column density. The dashed line indicates the upper radius limit for evolved dense cores, ≤ 4 800 AU, suggested by Crapsi et al. (2005) . The candidate VeLLOs observed all fall below this limit and are, for given aperture mass, smaller than most starless cores, though this in part might come from internal heating. Also, most VeLLO cores appear to have central densities exceeding those of most starless cores. VeLLO cores are thus possibly physically more evolved than starless cores. This appears to distinguish them from starless cores. mass densities using the c2d standard H 2 -to-gas mass conversion factors documented in Appendix A. Figure 5 illustrates this analysis.
This analysis indicates typical central densities of order 3 · 10 4 cm −3 , while for some extreme cores we derive densities of up to 10 6 cm −3 . Similar figures were derived by Tafalla et al. (2002) , Crapsi et al. (2004) , and Kirk et al. (2005) . Note, however, that the obtained densities are crude estimates that suffer from significant systematic uncertainties. Anyway, to give examples, for L1521F C1 the density of ≈ 4 · 10 5 cm −3 derived from our simplified analysis is in good agreement with the density of ≈ 5 · 10 5 cm −3 (for our choice of dust properties) derived by Crapsi et al. (2004) .
Note that VeLLO candidate cores appear to have unusually large densities, when compared to starless cores. Section 5.5.2 discusses this in detail.
Our sample is highly biased and inhomogeneous, but it is still illustrative to derive relative dense core lifetimes from the relative numbers of dense cores of different physical state. Such estimates assume a constant core formation rate across the sample and common evolutionary paths for all cores, neither of which are likely correct for our cores. Anyway, we find about 35 starless subcores in the 10 4 < n c (H 2 )/cm −3 < 10 5 density range, and 4 subcores in the 10 5 < n c (H 2 )/cm −3 < 10 6 range. Under the above assumptions this implies that dense cores reside at densities of 10 4 to 10 5 cm −3 for a time exceeding the one for densities Fig. 4 . Necessary conditions for active star formation from relations between dense core properties. Filled and empty circles give the properties of subcores with well determined and uncertain properties due to artifacts, respectively. Stars and asterisks are used for subcores hosting YSOs and candidate VeLLOs, respectively. The diagonal dashed line in panel a) indicates a selection limit; for a given total mass all subcores larger than this limit would be too faint to be identified in our maps. The diagonal dashed lines in panel c) mark where M = 0.1 M 4200AU and M = 0.01 M 4200AU : only a fraction of the dense core mass is available to form stars from a column density peak. The curved dashed lines show the critical stability limits for hydrostatic equilibria with pure thermal pressure. For given total mass, or mass within the half intensity contour, all subcores with pure thermal pressure and with radii smaller than the critical one -respectively column density or aperture mass exceeding the critical one -are unstable. These stability limits might manifest in the data as necessary conditions for active star formation; most dense cores presently forming stars exceed these limits. However, these limits do not give sufficient conditions for ongoing star formation. Many starless cores have properties exceeding the critical values. In the core evolution framework discussed in the text this could be understood if these subcores are in hydrostatic equilibrium but supported by significant non-thermal pressure, or are collapsing.
of 10 5 to 10 6 cm −3 by a factor ≈ 9. For reference, the free fall timescale 9 , τ ff = 9.8 · 10 4 yr [n(H 2 )/(10 5 cm
only varies by a factor 10 1/2 ≈ 3 between the density bins. Dense core evolution in free fall would thus not explain the relative number of cores in different density bins.
Evolutionary States
Crapsi et al. (2005) suggested some criteria to assess a starless core's evolutionary state. These also include criteria based on 9 We give the collapse time for a homogeneous sphere of density n(H 2 ), i.e. τ ff = (3 π/[32 G ̺])
1/2 , where G is the constant of gravity and ̺ is the volume-averaged density. Our calculation assumes a mean particle weight of 2.8 per hydrogen molecule. observations of molecular lines, which we cannot evaluate using our data. Table 12 therefore only evaluates criteria based on the dust emission. Following Crapsi et al., evolved cores must have central densities (Sec. 5.3.1; recall that this analysis only yields rough estimates) exceeding 2.5·10 5 cm −3 (when converting their results to our choice of dust properties) and radii at 70% peak intensity < 4 800 AU. Naively, one would also associate high column densities with an advanced evolutionary state. Somewhat arbitrarily we thus choose a limit of 0.7 M ⊙ to highlight those starless cores with unusually high column densities in our sample. 
VeLLO cores:
Notes: a) Numbers hold for the starless P2 peak in B18-4.
was already shown by Crapsi et al., while our study gives 3 more candidate evolved cores matching his criteria (B18-1 C1, B18-4 C1, and L1082A C2). Note that these cores are actually the only ones with n c (H 2 ) > 2.5 · 10 5 cm −3 and that they also have M 4200AU > 0.7 M ⊙ . Three further cores (TMC-2 C1, TMC-1C C3, and L1622A C3) stand out in their aperture masses, thereby suggesting a somewhat evolved state. They do not fulfill the Crapsi et al. criteria, but recent molecular screening of TMC-1C C3 shows that at least one of these cores indeed seems to be close to the onset of star formation (Schnee et al. 2007a ).
The c2d MAMBO survey thus reveals 3 previously unknown candidates for evolved starless cores fulfilling the criteria by Crapsi et al. (2005) , and 3 further ones likely to be evolved on basis of their aperture masses. Note, however, that -following the above criteria -some of these cores seem to be more advanced in their evolution than some candidate VeLLO cores that actually already do form stars. This suggests that the Crapsi et al. criteria are somewhat biased: they are well suited to select some evolved cores, but not all of them. In this respect it is important to keep in mind that their criteria were tuned to select cores like the prototype evolved starless core L1544. The analysis presented here suggests that evolved cores with physical properties different from those derived by Crapsi et al. (2005) do exist. This is not surprising though, e.g. given the observed range in stellar masses. The Crapsi et al. (2005) study might, e.g., preferentially select evolved rather massive cores on the verge to form stars of rather large mass. It would then be plausible to find evolved cores that are on the verge of forming lower mass stars (i.e., a few 0.1 M ⊙ ), but have too low mass and column density to be incompatible with the Crapsi et al. criteria. In this light, Sec. 5.3.4 presents some suggestions for further refinements of criteria.
Star Formation Efficiency
Given a typical duration of the main accretion phase of order 10 5 yr (Barsony & Kenyon 1992; Greene et al. 1994; Kenyon & Hartmann 1995) , and expected velocities for the growth of the infalling inner part of YSO envelopes of order 0.2 km s −1 (e.g., for singular isothermal spheres; Shu 1977), only the mass within a few 10 3 AU from a forming YSO are available for its formation. The few 10 3 AU radius of this volume are much smaller than the subcore sizes of several 10 4 AU observed by us (e.g., Fig. 3 [a] ). Thus, only a small fraction of a subcore's mass is available for the formation of a given YSO. This fraction is an estimate of the subcore's efficiency to form a given YSO. The latter is a lower limit to the total star formation efficiency, i.e., the mass ratio between the dense cores mass and the total mass of all YSOs produced by it.
We use a radius of 4 200 AU for a quantitative evaluation of this efficiency, the maximum infall radius derived for the above considered YSO and envelope properties. Some 2% to 20% of the total mass of a dense core are contained in a 4 200 AU radius aperture centered on its brightest peak (Fig. 4 [c] ). For other average velocities at which the infalling region grows, v in , and accretion times, τ accr , the appropriate aperture radius will be larger by a factor ≈ v in /(0.2 km s −1 ) · τ accr /(10 5 yr). In case of n ∝ r −2 density profiles the aperture mass scales linearly with the aperture radius. To give an example, recent c2d determinations indicate a class I lifetime of order 5.3 · 10 5 yr (Evans et al., in prep) . Since YSOs are supposed to accrete during this phase, this would imply (using the above assumptions) that a YSO can accrete a mass 5.3 · M 4200AU and that cores have a star-formation efficiency of order of several 10%.
Long accretion timescales might, however, imply low accretion efficiencies on the size scale of the infalling matter, if collapse proceeds in free fall. In this case, YSO accretion timescales of several 10 5 yr, combined with average aperture masses M 4200AU = 0.4 to 0.5 M ⊙ (Sec. 5.1.3), imply that there is enough time to accrete several 0.5 M ⊙ onto a forming YSO. Since, however, the average stellar mass, M ⋆ is of order 0.4 M ⊙ (e.g., Table 2 in Kroupa 2002), a significant fraction of this aperture mass does not seem to end up in the forming star. This fraction increases with increasing accretion timescale; for the above collapsing singular isothermal sphere it is (M in − M ⋆ )/M in , where the infalling mass M in = (τ accr /10 5 yr) · M 4200AU and thus is of order 3/4 for τ accr ≈ 4 · 10 5 yr. The efficiency could, however, still be large if collapse does not occur in free fall.
In summary, our data indicates a star formation efficiency of order 10%, with an uncertainty of a factor of several. Such an efficiency is of an order of magnitude exceeding estimates for the star formation efficiency of molecular clouds ( 2%; e.g., Leisawitz et al. 1989 ). This might, e.g., indicate that the star formation efficiency is not only controlled by processes operating on the scales of dense cores, but that also by processes of importance on larger scales. Also, the low star formation efficiency on the scales of cores suggests that dense core mass functions do not directly map into stellar initial mass functions: core and YSO masses will differ, and it is not clear that their ratio is constant. In other words, it is not clear which core mass definition is relevant to measure the mass of a core that is available for accretion onto forming stars. To give an example, here we discuss three mass scales (i.e., M tot , M 50% , and M 4200AU ), none of which is proven to measure the accretable mass. This questions basic assumptions made in some studies relating mass functions of stars and cores, in particular since the shape and absolute scale of the mass distribution depends on the adopted core mass definition (e.g., Fig. 3, panels [b] and [c] ). There is evidence though that the shapes of some of these distributions might well be coupled to the one of the IMF (Alves et al. 2007 ). This would then point at a constant efficiency.
Star Formation Ability
Figure 4 (d) indicates that there is a fundamental difference between cores actively forming stars (i.e., they contain a YSO) and those who don't: starless cores in our sample have aperture masses of about 0.1 to 2.0 M ⊙ (also see 3 [c]), while all young (T bol 300 K) YSOs have envelope masses 0.3 M ⊙ (also see Fig. 8 ; we exclude the VeLLOs, since their physics may be governed by different processes, and CB188, since outflow-core interaction might have affected the core properties [Sec. 5.1.4]). The naive interpretation of this observation is that dense cores must have M 4200AU ≥ 0.3 M ⊙ in order to be able to actively form stars. The full story might be a bit more complex, since the present YSO aperture masses will deviate from the ones of their natal cores at the onset of star-formation. For example, a collapsing SIS (Shu 1977) has an aperture mass decreasing with time, suggesting that the observed YSO aperture masses are lower than the initial ones.
Thus M 4200AU ≥ 0.3 M ⊙ appears to be a necessary condition for active star formation to occur (defined as embedded YSOs being present), but it is not a sufficient one, since there are many starless cores above the limiting aperture mass (with B18-1 P3, B18-4 P2, and L183 P3, all with M 4200AU > 0.7 M ⊙ , as extreme examples; also see the discussion in Sec. 5.3.2). Thus, cores with M 4200AU ≥ 0.3 M ⊙ can actively form stars, but they do not need to do so. Note, however, that starless cores with M 4200AU ≫ 0.3 M ⊙ might well already be in a state of collapse and be destined to form a star, even when no embedded YSO has formed yet.
In a similar way, a total mass ≥ 2 M ⊙ appears to be a necessary condition for active star formation to be possible. Again, there are some starless subcores with total masses much higher than those for some star-forming ones.
It is interesting to test this observation against simple models of dense core structure. For this we use models of near-isothermal pressure-supported spheres. Using boundary conditions appropriate for typical dense cores in the solar neighborhood (a visual shielding extinction of 5 mag from a dense core envelope, a cosmic ray flux of 3 · 10 −17 s −1 , and the solar neighborhood interstellar radiation field), we evaluate the stability of these spheres in case of no support form turbulence or magnetic fields (i.e., non-isothermal Bonnor-Ebert spheres; Kauffmann & Bertoldi, in prep., and Galli et al. 2002) .
For fixed total mass, respectively mass at half intensity (M 50% ), these models predict critical values for parameters like the peak column density, so that all objects exceeding these cannot be stable against collapse unless supported by additional non-thermal pressure. These critical limits (or calculations are limited to total masses ≤ 5 M ⊙ given a lack of molecular cooling rates for low densities, leading to a break in the boundaries drawn) are indicated in Fig. 4 . Within the model, they give the limiting properties beyond which a dense core can become unstable and collapse to form a star. If these models have any relevance, the critical limits should therefore manifest in the distribution of observed actual dense core properties.
Notably, as shown in Fig. 4 (c) and (d), all young YSOs (excluding CB188 C1 and VeLLO candidates, as discussed above) are indeed consistent with having masses in excess of the massdependent critical aperture mass for pure thermal pressure, and the theoretically derived critical masses seem to describe the observed necessary condition for active star formation. The models also describe the necessary condition on the total mass (Fig. 4 [a] and [c] ).
If dense cores can be described by the above models, a starless dense core of fixed total mass could evolve towards collapse by approaching the critical aperture mass (starting with sub-critical value) as a quasi-hydrostatic sphere, turn into a collapsing core once exceeding the critical value, and finally become a core with active star formation. In this picture starless cores with properties exceeding the critical ones for pure thermal pressure could then be collapsing cores. They could also be quasi-hydrostatic equilibria with additional non-thermal pressure, for which the critical values are beyond those for pure thermal pressure. If the latter was true, the co-existence of starless as well as star-forming cores in the same parameter range suggests that different cores are supported by different levels of nonthermal pressure.
Note that shifts of the masses by a factor 2, either globally for all sources, or for starless cores relative to those with YSOs, only marginally influence the above discussion. (Such shifts are possible because of the uncertainties in opacities and temperatures, as discussed in Appendix A.) Still, our data would hint at the existence for necessary conditions for star formation. Strong YSOto-starless core relative shifts of a factor 2 could, however, lead to a clear separation of starless and YSO cores in some diagnostic diagrams. Then, it might turn out that, e.g., all cores above some limiting aperture mass do form stars. This would turn the aforementioned necessary condition for star formation into a sufficient one. Strong global and relative mass shifts by a factor 2 might also make the applicability of the theoretical justification for the limiting curve questionable.
YSOs and their Evolution
Given the number of YSO cores, the c2d MAMBO survey is well suited to study evolutionary effects in YSO cores. Our analysis also includes the properties of some recently discovered VeLLO candidates.
The c2d MAMBO sample contains 5, 14, and 1 YSOs of the classes 0, I, and II, respectively. This is, e.g., in between the 0-to-I class ratio of 1:10 for Taurus and the Ophiuchus cloud (Andre & Montmerle 1994; Motte et al. 1998 ) and ratios of order 1:1 for Perseus (Hatchell et al. 2007 ) and some isolated cores (Visser et al. 2002) . Note, however, that our sample is anything but unbiased, and thus not ideal to constrain class lifetimes from their relative number.
YSO Luminosities
To better characterise the central star we use the internal luminosity, L int , that is due to the YSO instead of the bolometric luminosity, i.e., the total radiative power minus that due to interstellar heating. This luminosity is, however, taken to be identical to the bolometric one, except for some candidate VeLLOs for which detailed estimates exist from other studies Kauffmann et al., in prep.; Young et al. 2004a) .
The approximation of the internal luminosity by the bolometric one is justified since the derived bolometric luminosities are usually dominated by the power of the embedded source, and not by the heating processes in the interstellar medium (like interaction with cosmic rays or absorption of the interstellar radi-ation field). The latter contribution can be estimated for the material within 4 200 AU from the density peak. A heating power 0.16 L ⊙ · (M 4200AU /M ⊙ ) is required to heat the matter to a typical interstellar temperature of 10 K. For M 4200AU = 0.4 M ⊙ , which is typical for the YSO cores in our sample (Sec. 5.1.3), this power is 0.06 L ⊙ .
In some sources, however, the bolometric luminosity derived by us is dominated by the power due to interstellar heating processes. For dust temperatures of at least 10 K this power exceeds the inferred bolometric luminosities of the YSOs in L1521F P1, L673-7 P1, and L1251A P3 and P5 (also depending on whether relying on IRAS or Spitzer data), also demonstrating that our method to derive L bol can miss part of the actual radiative power. This is also reflected in these sources' unusually large submillimetre-to-bolometric luminosity ratios. In such cases the bolometric luminosity is not a good measure of the power input by the young star. This leads to uncertain heating corrections in mass estimates of YSO envelopes (Sec. 3.2.3). The related uncertainties in the mass estimates are, however, not significant, given that the low derived luminosities imply small corrections.
Envelope Masses and Luminosities
YSOs are expected to evolve in luminosity and envelope properties during the star formation process. Three basic properties to characterise a YSO are its age, as believed to be roughly measured by the bolometric temperature or the infrared class, the luminosity, and the amount of matter surrounding the star. The latter two should depend on the age since they, e.g., depend on the accretion rate and the stellar mass and radius, which all evolve with time. Figure 6 shows the relation between luminosities and envelope masses. The latter are approximated by the mass within 4 200 AU radius from the star since this property has been studied in the past (Motte & André 2001) .
Surprisingly, no clear evolutionary trend is obvious in this diagram, except for the significant decrease in M 4200AU towards the class II phase; the crowding of VeLLO candidates at low luminosities is due to their definition. Class 0 and class I sources do essentially occupy the same region in the parameter space, with the class 0 sources possibly having for given internal luminosity slightly higher aperture masses than class I sources.
In particular, the classes 0 and I are not separated by the class boundary suggested by Motte & André (2001) 
0.6 to 1.0 . This law reflects the conceptual definition of class 0 sources as YSOs which have accreted less than half of their final mass . Thus the envelope mass in class 0 sources, as approximated by M 4200AU , must exceed the stellar mass. Depending on the exact form of the YSO mass-luminosity relation, Motte & André suggest this boundary to be given by the above relation (see Montmerle 1994 and Andre et al. 2000 for further details). This boundary is indeed observed to well separate class 0 and class I sources in the Ophiuchus molecular cloud complex and some isolated cores (Visser et al. 2002) , but it fails to do so for sources in the Taurus cloud (Motte & André 2001) and Perseus (Hatchell et al. 2007) .
To be precise, within the observational errors all class 0 sources in the c2d MAMBO sources do indeed have aperture masses exceeding 0.1 M ⊙ (L/L ⊙ ) 0.6 to 1.0 , just as expected. However, the class I YSOs in our survey do not generally fall short of the conceptual luminosity-dependent mass limit for class 0 sources. In this respect they are different from the aforementioned class I sources in Ophiuchus that fulfill this limit. For comparison, like ours, also class I YSOs in Taurus (Motte & André 2001) and Perseus (Hatchell et al. 2007 ) do not Fig. 6 . The relation between the internal luminosity and the mass within a peak-centered 4 200 AU radius aperture for YSO cores. The internal luminosity is the radiation due to the embedded star, i.e., the bolometric luminosity minus the power from interstellar heating. Markers of different shade and shape refer to YSOs belonging to different infrared SED classes assigned on basis of their bolometric temperature (see legend). The dashed lines indicate the conceptual boundary between class 0 sources and objects in later evolutionary stages for a spectrum of stellar mass-luminosity relations,
0.6 to 1.0 . Interestingly, class 0 and class I sources covered by the c2d MAMBO survey are not separated by the conceptual class boundaries.
conform to this conceptual boundary. This suggests that the stars in our sample reside in regions that are more similar to regions of distributed star formation, like Taurus, than to regions of clustered star formation, like Ophiuchus.
The failure of the conceptual class boundary to separate sources of class 0 and I and the absence of clear evolutionary trends between them in Fig. 6 suggests that either the concept of infrared classes, our general understanding of YSO evolution as a linear sequence of states in the L int -M 4200AU parameter space, or both, need some revision. Also, M 4200AU might simply not be well suited to gauge the mass available for accretion. This would, however, require accretion to proceed in a manner very different from the collapse of self-similar isothermal spheres: here steadily M 4200AU decreases with time, and independent from the final size of the infalling envelope (even if eventually > 4 200 AU) M 4200AU would at least generally probe the mass evolution of the envelope. Whatever, the fact that similar studies of different regions find different relations between YSO and envelope properties suggests that the environment influences these relations. Figure 7 presents the bolometric temperatures and luminosities for sources in the c2d MAMBO survey. It shows that for a given star the luminosities are higher and the bolometric temperatures are lower when these properties are inferred from IRAS data instead of Spitzer observations. This is just as expected, given IRAS' better spectral coverage of the dust emission peak at submillimeter wavelengths. Fig. 7 . Bolometric luminosities and temperatures as derived from IRAS and Spitzer (markers of different shade) data. VeLLO candidates are highlighted by circles around the markers, and the YSO class regimes are delimited by vertical dashed lines and labels. Solid lines indicate characterizations of the same star based on different data. For a given source the IRAS data usually indicates lower bolometric temperatures and higher luminosities than the Spitzer data, just as expected given IRAS' better spectral coverage at long wavelength. Note the range in luminosities for a given class. This indicates that the accretion rates, masses, radii, or all these properties largely vary within the sample, and also a given class, if the luminosities are largely due to accretion. This diagram shows that on average L bol increases with increasing T bol . This trend is in particular pronounced when looking at the lower envelope of the data points. However, it is likely that this is to a significant extent an observational bias, since faint sources of high bolometric temperature have lower millimetre intensities and are thus less likely to be included in our MAMBO-based source selection. For the same reason in general sources with high bolometric temperatures are less likely to be included. This is at least partially responsible for the sharp drop in the number of sources at 300 K.
Bolometric Temperatures and Luminosities
Class 0 sources are found to have luminosities spanning across more than two orders of magnitude. This demonstrates the diversity of star formation activity in the c2d MAMBO survey. Note that, if sources of similar T bol have similar ages and have luminosities dominated by accretion luminosity (i.e., L int ≈ GM ⋆Ṁaccr /R ⋆ , where G, M ⋆ , R ⋆ , andṀ accr are the constant of gravity, the stellar mass and radius, and the accretion rate), then the class 0 sources in the c2d MAMBO survey must differ significantly in their mass-to-radius ratios, their accretion rates, or both. Enoch et al. (in prep.) find similar luminosity ranges for YSOs in Perseus, Serpens, and Ophiuchus.
Envelope Masses and Bolometric Temperatures
Figure 8 presents bolometric temperatures and aperture masses for the c2d MAMBO sources. This reveals that on average the bolometric temperature decreases with increasing aperture mass. This could be an evolutionary trend. The coolest sources are supposedly the youngest sources, which are expected to be surrounded by significant amounts of circumstellar matter. Our observations are thus consistent with expectations. Fig. 8 . Bolometric temperatures and mass within 4 200 AU radius for the YSOs in the c2d MAMBO sample. Candidate VeLLOs are highlighted by circles around the markers, and the YSO class regimes are indicated by vertical dashed lines and labels. The general trend of increasing bolometric temperature with decreasing aperture mass might be an evolutionary effect. It could, however, also indicate that low bolometric temperatures are partially due to reddening by extinction and re-emission at longer wavelength, since both should scale with aperture mass. VeLLOs notably have the lowest bolometric temperature for given aperture mass, but this is likely simply reflects their definition as objects of low luminosity.
However, the large column densities suggested by large aperture masses might lead to low bolometric temperatures because of reddening: photospheric YSO emission might be absorbed at short wavelengths and be re-emitted by the envelope at longer wavelengths. In that case bolometric temperatures would not unambiguously characterize YSO ages, but would partially be due to reddening not related to the time evolution of the source. Our sample is, however, too small to evaluate this issue comprehensively.
Within our survey, VeLLO candidates appear to have for given aperture mass the lowest bolometric temperature observed. However, this likely reflects the definition of VeLLOs as objects of low internal luminosity, since for fixed millimetre flux (or M 4200AU ) the bolometric temperature decreases with decreasing luminosity.
Note that all the "usual" young YSOs with T bol < 300 K have M 4200AU > 0.3 M ⊙ , just as already discussed in Sec. 5.3.4. Also note the aperture masses of M 4200AU 0.5M ⊙ for the YSOs in L1228 P1 and Bern48 P1 are unusually large, given their bolometric temperatures of ≥ 300 K. It is not clear how such sources of a relatively late evolutionary stage can maintain such massive envelopes, if our mass estimates are correct.
Assignment of Infrared Classes
The above discussion often assumed that the bolometric temperature uniquely parameterizes the YSO age. This is not obvious, and possibly not true. We briefly summarize hints on this issue from the c2d MAMBO data. Figure 9 presents the relation between bolometric temperature and SED slope near 10 µm wavelength. The slopes derived from IRAS and Spitzer data (α 25µm 12µm and α 24µm 3.6µm , respectively) do Fig. 9 . SED slope versus the bolometric temperature. See Fig. 7 for the symbols used. Note that IRAS data usually implies SED slopes larger than, and bolometric temperatures smaller than, those derived from Spitzer data, just as expected from IRAS' better spectral coverage at long wavelengths. Note that class assignments on basis of bolometric temperature and spectral slope do agree.
slightly differ in their definition (see Sec. 4). In 4 out of 5 cases α 25µm 12µm > α 24µm 3.6µm for sources detected by both missions. Most sources in our survey have spectral slopes of 0.0 α 1.5. We find a general trend of increasing α with decreasing T bol across the whole sample. No such trend is, however, visible when looking at class I sources only (class 0 sources are usually not expected to have particular values of α). Note that class assignments on basis of bolometric temperature or spectral slope are consistent with each other within our sample. Given the expected uncertainties, all sources in our sample are consistent with having T bol < 650 K (i.e., being a class 0 or class I source) when α > 0 (note, however, that classification schemes never required class 0 to have α > 0), and 650 < T bol /K < 2880 (i.e., being a class II source) when 0 > α > −2, just as postulated in class definitions based on T bol and α (Chen et al. 1995; Lada 1987) . Similar trends are found in the c2d SED studies of the Ophiuchus, Perseus, and Serpens molecular cloud complexes by Enoch et al. (in prep.) .
Also note that all IRAS sources not detected by MAMBO (Table 7) are consistent with having negative spectral indices and therefore belonging to late YSO stages (if they are YSOs and not background galaxies). This fits well into a picture in which YSOs with negative spectral slopes are evolved and not anymore surrounded by dust.
Our submillimetre-to-bolometric luminosity ratios ( Fig. 10 ; also see Tables 8 and 9 ) and T bol -based class assignments are not well in accord with the original initial observational criterion to identify class 0 sources given by Andre et al. (1993) , i.e., a luminosity ratio ≫ 0.005; using the latter criterion, all but one of our YSOs would be in the class 0 category. Note, however, that the submillimetre part of our SEDs is the worse constrained one and that the luminosities are uncertain by a factor 2(Sec. 4.2). Anyway, submillimetre luminosities of 0.01 to 0.1 for T bol ≈ 70 K have been observed before (Young & Evans 2005 ) and also Visser et al. (2002) found that essentially all YSOs in their sample would be of class 0 if the class is assigned based on a luminosity ratio > 0.005 (see Hatchell et al. Fig. 10 . Submillimetre-to-bolometric luminosity ratio versus the bolometric temperature. See Fig. 7 for the symbols used. Vertical dashed lines indicate ranges for YSO classes assigned on basis of T bol , while the horizontal dotted line (described by inclined labels) gives the boundary for the class assignment based on the luminosity ratio following Andre et al. (1993) . It's disagreement with T bol -based class assignments is likely caused by positive biases in our evaluation of the submillimetre luminosity.
2007 for a further example; note that both studies do, like us, have SEDs not well sampled at submillimetre wavelengths). The role of the submillimetre-to-bolometric luminosity ratio for classification purposes thus needs to be further studied with better wavelength coverage.
Also, the bolometric temperature might not uniquely parameterize age, as the aforementioned trend of decreasing bolometric temperature with increasing aperture mass might indicate.
It has also been speculated that actual class I sources have SEDs like class 0 sources if the circumstellar disk-envelope structure is seen edge-on (e.g., Whitney et al. 2003 for an overview). Interestingly, the class 0 source in IRAS05413 P3 appears to have such a particular geometry; here the outflow has an estimated inclination of 85
• with respect to the line of sight, suggesting that a YSO disk is seen nearly edgeon (Claussen et al. 1998 ). This geometry might explain why IRAS05413 P3, being a class 0 source marginally violating the conceptual mass-luminosity limit by Motte & André (2001) , has an extreme position in Fig. 6 . In summary, class assignments based on T bol are consistent with those based on α, and either is fine to classify sources of a relatively late evolutionary stage. One needs to employ the bolometric temperature though if intending to study deeply embedded sources, for which the spectral index criteria do not hold. The T bol thus appears to be more versatile, but requires a well sampled SED at long wavelengths.
In contrast, assignments based on the m 4200AU -to-L int ratio are in conflict with those based on T bol . A T bol -based classification does however lead to a larger spectrum in evolutionary states: T bol indicates class 0 and class I sources, while the m 4200AU -to-L int ratio suggests that our sample essentially only contains class 0 objects. Since the latter seems somewhat unrealistic, the larger range in assigned classes suggests that the bolometric temperature is more useful for classification.
Similarly, the submillimetre-to-bolometric luminosity ratio assigns all but one YSO to the class 0. Again, T bol -based classi-fication appears superior to the one based on luminosity ratios. This might, however, in part be due to uncertainties in our SEDs at wavelength 100 to 1000 µm and should not be generalized. Still, for data like ours luminosity ratios are barely useful.
Anyway, it is not clear which existing YSO class assignments best characterize the evolutionary ages of YSOs. In this respect it might be useful (see, e.g., Robitaille et al. 2006 ) to distinguish between YSO classes, that describe and organize observational properties such as the bolometric temperature, and evolutionary stages, that characterize physical properties such as the presence of envelopes and disks.
YSO Offsets
The spatial resolution of MAMBO and Spitzer allows to test whether YSOs actually reside in the very center of their natal dense core. The discovery of offsets would be very interesting, since present YSO evolutionary scenarios do not predict them. As shown in Table 13 we do, however, not find offsets at a significant level.
For this search the YSO positions are taken to be those of Spitzer counterparts listed in Table 9 . Otherwise the positions of the 2MASS counterparts given in Table 8 are used. For YSOs with non-c2d Spitzer data only, Gaussian curves were fitted to the Spitzer images (see notes to Table 13 ). The dust intensity peak positions are derived as the intensity-weighted mean position of the pixels above 90% peak intensity. The offsets are given in Table 13 . The uncertainty in the dust emission peak position due to noise is derived from Monte-Carlo experiments with artificial noise, as explained in Sec. 3.2. The typical pointing uncertainty of 3 ′′ has to be further added to derive the typical total dust emission position uncertainty.
We do not find significant YSO offsets in our sample. In a first cut we find two YSOs with offsets exceeding the expected uncertainty by a factor 2. However, for one of them (L1251A P3) the pointing corrections were up to 5.
′′ 9. For the other one (L1172A P1) the position offset exceeds the uncertainty by a factor 2.2; this is marginally significant, and should be followed up at higher resolution, but not conclusive evidence for a YSO leaving its natal core. Our data thus indicates that generally YSOs reside in the centers of their envelopes, with core-YSO relative motions not e.g. significantly affecting the accretion histories. This is in accord with studies of core-YSO-offsets in Perseus (Jørgensen et al. 2007; Enoch et al., in prep.) and Ophiuchus (Jørgensen et al., in prep.) .
Note, however, that our data does not reveal the offset between the L1014 P1 column density peak and the embedded candidate VeLLO found by Huard et al. (2006) on basis of extinction maps, although their offset of 10 ′′ to 15 ′′ should be easily detected by MAMBO. Huard et al. speculate that this might be because of internal heating of the L1014 core, which is supposed to shift the dust emission peak away from the column density peak and towards the embedded source (see Young et al. 2004a and Wu et al. 2007 for SCUBA and SHARC ii data on L1014, respectively). Their extinction map is, however, not well sampled towards the VeLLO position, which introduces uncertainties to their map.
Formation and Evolution of VeLLOs
The c2d MAMBO survey provides an opportunity to investigate how candidate VeLLO natal cores are different from starless and YSO cores. For the first time it allows a direct comparison of Table 13 . YSO offsets from dust emission peaks. For each dust emission peak, and related subcore, associated with a YSO listed in Tables 8 and 9 we give the chosen reference source (preferentially seen by Spitzer) and the observed offset and position angle (i.e., position of star w.r.t. the dust emission peak). the dust emission properties of all three kinds of objects. We here discuss whether, and if yes how, VeLLO cores differ from starless and YSO cores.
Masses and Total Radii of VeLLO Cores
Figures 3 and 4 show that VeLLO candidate cores cannot be distinguished from starless cores in terms of mass, column density, and total effective radius. In particular, three of the VeLLO cores have column densities, masses within the 4 200 AU aperture, and masses within the 50% intensity contour -all properties naively associated with a good chance for star formation -much lower than the starless peaks B18-1 P3 and B18-4 P2. Note that this observation is in conflict with some naive expectations for properties of starless and YSO cores: a picture of dense core evolution in which any dense core begins to actively form stars once it exceeds some fixed limit in mass, density, or both, is inconsistent with our data. Section 5.3.4 discussed this and other data in the context of necessary, but not sufficient, conditions for active star formation. Note that 3 out of 4 VeLLO candidates are consistent with fulfilling these conditions (i.e., in Fig. 4 , only the candidate VeLLO in L1148 resides in a region entirely devoid of normal YSOs, and thus also misses the theoretical star formation criterion by a large margin). In this respect the notion that VeLLOs reside in cores not expected to be able to form stars might be wrong. However, it might be that some VeLLOs can conceptu-ally be characterized as YSOs forming in cores that only barely fulfill the necessary conditions for active star formation, as observed for 3 out of the 4 candidate VeLLOs in our sample. The latter might suggest a special route of star formation for some VeLLOs.
The VeLLO candidate in L1148 P1 poses a real challenge to present star formation scenarios, since it does not fulfill the necessary conditions for star formation to occur. This source might thus either hint at a particular mode of star formation, where the conditions derived in Sec. 5.3.4 do not apply, or this YSO (recent IRAM Plateau de Bure imaging indicates either a jet or a disk; Kauffmann et al., in prep.) is in an advanced evolutionary stage in which the natal core's structure does not resemble the initial one.
Peak Radii of VeLLO Cores
Most VeLLO candidate cores have peak density profiles flatter than ̺ ∝ r −2 , since their effective radius at 70% peak intensity is (with the exception of the candidate VeLLO in L673-7 P1) significantly larger than the one of a ̺ ∝ r −2 density profile smeared by a 20
′′ beam (i.e., 10. ′′ 7). It is beyond the scope of the present paper to explore whether this flattening is because the density profile becomes similar to ̺ ∝ r −3/2 , as found for infalling envelopes around YSOs (see Evans 2003 for a review), or is due to a region of spatially constant density, as found for starless dense cores (e.g., Ward-Thompson et al. 1999) . Note, however, that Crapsi et al. (2004) show that MAMBO maps for L1521F are consistent with a functional form for the central flattening as found for starless cores. The high resolution extinction data for L1014 obtained by Huard et al. (2006) has not been analysed in such a fashion.
Compared to starless cores, candidate VeLLO natal cores do, however, have unusually steep dust emission intensity profiles, as e.g. probed by the effective radius of a dust emission peak at its 70% intensity level. For given aperture mass, VeLLO cores (with the possible exception of the uncertain radius of L1148 C1) do have smaller effective radii than most starless cores (Fig. 5) , even when correcting for steepening due to internal heating by the VeLLO (for this we first use the luminosity-dependent beamaveraged dust temperature [Eq. 8] to predict the peak intensity for dust of 10 K, and then evaluate the effective radius at 70% of this intensity).
The unusually steep dust intensity profiles of candidate VeLLO natal cores thus indicate unusually steep column density profiles. This distinguishes them from most starless cores in our sample. Steep radial profiles in the density, and therefore also in the column density, are indeed expected for dense cores temporally near (e.g., McKee & Holliman 1999) or after (see Larson 2003 for a review) the onset of gravitational collapse. Density gradients in VeLLO cores are consistent with this theoretical picture. VeLLO candidates also seem to have unusually large central densities, when compared to starless cores (Fig. 5) . This is again in line with the above theoretical expectations.
The steeper density profiles and higher central densities of candidate VeLLO natal cores suggest that they are temporally closer to the onset of gravitational collapse than most starless cores. It thus appears that VeLLO cores are structurally different from most starless cores in that their density structure is more evolved. This was first suggested by Huard et al. (2006) , on basis of surface-to-center density contrasts for L1014 P1 that exceed those of previously studied starless cores. Also, all candidate VeLLOs (possibly excluding L1148 P1) have effective radii at the 70% dust emission peak intensity level below 4 800 AU, which Crapsi et al. (2005) suggested as an indicator of an advanced evolutionary stage of a core. This might bear important hints on the nature of VeLLOs. Huard et al. (2006) found that the candidate VeLLO in L1014 is offset by 10 ′′ to 15 ′′ from the apparent natal column density peak, L1014 P1. If L1014-IRS does indeed drift away from its natal core, and therefore away from the mass reservoir available for accretion, this might explain the low rate of accretion onto L1014-IRS inferred by Bourke et al. (2005) . Low accretion rates could in turn explain the low luminosities of VeLLOs. They would also suggest low, and possibly substellar, final masses for VeLLOs with low accretion rates (Bourke et al. 2005) . However, as already discussed in Sec. 5.4.6, we do not find any significant offsets. Our data might not rule out such offsets though, since the MAMBO data might not be suited to search for offsets (Sec. 5.4.6).
VeLLO Offsets from Column Density Peaks
Summary
We present a dust continuum emission imaging study of a comprehensive sample of isolated starless and YSO-containing dense molecular cores (including 4 candidates of the enigmatic VeLLOs), the c2d MAMBO survey. This survey is technically different from previous ones in that it is -more sensitive to faint (few mJy per 11 ′′ beam) extended ( 5 ′ ) emission than in previous surveys thanks to modern instrumentation and a newly devised data reduction strategy (Sec. 2.3.1), resulting in -very rich structure compared to existing surveys, since we detect faint extended emission from sources otherwise only detected in their most prominent intensity peaks.
We combine our MAMBO data with Spitzer and IRAS data to fully exploit our dust emission maps (Sec. 4). This also reveals 4 previously unreported YSOs (Table 11) , including one VeLLO candidate and 2 class 0 sources. Our analysis (Sec. 5) first deals with the general structure and evolution of dense cores (Secs. 5.1 to 5.3):
-characteristic values for the mass within peak-centered apertures of 4 200 AU diameter are similar to those of singular isothermal spheres, suggesting that cores prefer a nearcritical state (with respect to gravitational collapse; Sec. 5.1.3 and Fig. 3 [c]); -subcores (i.e., extended substructure within cores) are usually elongated, implying that they are not hydrostatic objects supported by isotropic pressure (Sec. 5.1.4 and Fig. 3 [d] ); -rough density estimates indicate central H 2 densities between 10 4 and 10 6 cm −3 while the density frequency distribution suggests that cores in our sample are not in free fall (Sec. 5.3.1 and Fig. 5 ); -comparison with criteria by Crapsi et al. (2005) reveals 5 candidate evolved cores (plus 3 candidates of lesser quality), out of which 3 are reported here for the first time, but the failure of these criteria to highlight candidate VeLLO cores with active star formation casts some doubt on them (Sec. 5.3.2; -rough estimates for the dense core mass available for accretion onto a forming YSO yield values of order 10% of the dense core total mass (with an uncertainty of a factor of several), suggesting that the star formation efficiency is of the same order (which questions studies relating the mass functions of cores and stars; Sec. 5.3.3 and Fig. 4 [c]); -there are necessary (but not sufficient) conditions which a dense core must fulfill in order to be able to actively form a star (i.e., a core fulfilling these can contain a YSO, but does not need to), which can be understood in the framework of quasi-static dense core models (Sec. 5.3.4 and Fig. 4) ; and -diverse biases can and do introduce spurious features into the data, requiring care when interpreting the observations.
We then specifically turn to young stellar objects in our sample, where we in particular compare various methods to assign SED classes (Sec. 5.4):
-class assignments based on the bolometric temperature are in conflict with those based on the comparison of YSO luminosities and envelope masses (Sec. 5.4.2 and Fig. 6 ); -classes assigned on the basis of T bol and SED slopes agree well, i.e., the data is consistent with α ≷ 0 for T bol ≶ 650 K (Sec. 5.4.5 and Fig. 9) ; -among the class assignment methods used in the present study, only the one based on bolometric temperatures implies a reasonable range of evolutionary stages in our sample and is also well applicable to deeply embedded sources (Sec. 5.4.5); -disagreement of the T bol -based class assignments with those from YSO luminosities and envelope masses suggests that the environment has an impact on YSO evolution since these assignments agree in other regions (like the Ophiuchus molecular cloud; Sec. 5.4.2 and Fig. 6 ); -there are no significant offsets between YSOs and their natal dense cores, implying that core-star relative motions do not have a significant influence on YSO evolution via the accretion history (Sec. 5.4.6 and Table 13 ); and -assuming that the bolometric temperature roughly characterizes YSO ages, the large range of bolometric luminosities (two magnitudes) in early YSO stages implies a large variation of mass-to-radius relations, accretion rates, or both, in our sample.
The combined information on cores in general and YSOs in particular can then be used to assess the relevance of some characteristics of candidate VeLLO natal cores (Sec. 5.5):
-3 out of 4 VeLLO candidate cores are consistent with fulfilling the above necessary conditions for active star formation, suggesting that the notion that VeLLOs form in cores not expected to be able to form stars is wrong, but some do only barely fulfill the requirements for active star formation, suggesting that some VeLLOs might form in cores just barely able to produce stars, possibly via a particular mode (Sec. 5.5.1); -candidate VeLLO natal cores have density profiles steeper than and central densities larger than most starless cores, suggesting that VeLLO candidate cores are structurally different from starless ones (Sec. 5.5.2); and -given our failure to detect core-VeLLO offsets, low accretion rates because of core-star motion as an explanation for the low VeLLO luminosities are not consistent with our observations (Sec. 5.5.3).
In this respect our study -the first one to compare candidate VeLLO cores based on a homogeneous dataset -helps to significantly further our understanding of the nature of VeLLOs. Table 3 . General data on subcores. Bracketed and starred subcore designations indicate subcores with uncertain properties due to artifacts and subcores with associated YSOs or VeLLOs, respectively. For every subcore the table lists the position of its "center of gravity", the subcore area and effective radius, the integrated flux density and mass for the whole subcore as well as its area above 50% of its peak intensity, and the maximum signal-to-noise ratio within the subcore boundaries. Table 4 . Geometry data for subcores. See Table 3 for an explanation of the subcore designations. For every subcore the table lists the major and minor axis at the 50% peak intensity level and their ratio, the position angle of the major axis (east of north), the filling factor for an ellipse defined by the aforementioned axis lengths and orientations, and the effective radius at the 70% peak intensity level. 
A.3. Observed Quantities
The received flux per beam is related to the intensity by (A.16) where P is the normalised power pattern of the telescope (i.e. max[P] = 1). Defining the beam solid angle as the integral The parameter θ HPBW does not need to be the real telescope beam, but depends on the calibration of the data. To give an example, some software packages (e.g., MOPSIC) apply scaling factors to the data (i.e., F beam ν ) when spatially smoothing a map, so that the beam width to that the calibration refers is equal to the spatial resolution of the map after smoothing.
For the idealisations made here the average intensity derived from Eq. (A.18) is a good approximation to the actual intensity only if the source has an extension of the order of the main lobe of the telescope. Otherwise radiation received via the side lobes may have a significant contribution to F beam ν , and the idealisation of the telescope beam by Gaussian functions is too simple. Inclusion of the side lobes increases Ω A , and thus reduces I ν . The nature of the average intensity derived in Eq. (A.18) is therefore comparable to the one of main beam brightness temperatures used in spectroscopic radio observations. Note that, however, spatial filtering of bolometer systems effectively reduces sidelobes. Unfortunately, this reduction depends in details on the mapping pattern and the source source geometry. It can therefore not be included here. 
A.5. Dust Temperature and Opacity
Dust temperatures of order 10 K have been predicted for dense cores since some time. In the past years Zucconi et al. (2001) estimated dust temperatures in the range 11 to 6 K for solar neighborhood cores. The gas and dust temperature in these should be similar (Goldsmith 2001 ; also see Galli et al. 2002) . Gas temperatures of order 10 K are indeed common for dense cores (e.g., Tafalla et al. 2004) . Such temperatures even prevail in dense cores residing in molecular clouds forming stellar clusters (i.e., in Perseus; Rosolowsky et al. 2007 ). Finally, Schnee et al. (2007b) recently mapped the dust temperature distribution in TMC-1C using data partially also included in the present work. They derived dust temperatures of 13 to 5 K, similar to gas temperatures recently derived for L1544 (Crapsi et al. 2007 ). These temperatures are lower than those typically inferred from IRAS ( 15 K; Schnee et al. 2005) and ISO data ( 10 K; Lehtinen et al. 2005) , possibly because these missions primarily probed very extended emission because of large beams. We therefore here adopt a temperature of 10 K in absence of protostellar heating. Figure A .1 illustrates the uncertainty in mass estimates due to uncertainties in the temperature (based on Eq. A.31). For MAMBO this shows that for actual dust temperatures of 12 to 8 K our assumption of a dust temperature of 10 K will lead to an error in the mass estimate of factors 0.7 to 1.5, respectively. These increase to factors of 0.6 to 3 for temperatures of 14 to 6 K. The uncertainty significantly decreases with increasing wavelength. Fig. A.1 . The ratio of the actual mass to the one derived when assuming a dust temperature of 10 K. Solid lines indicate the ratio for various actual dust temperatures. Vertical labels indicate the observing wavelength of several existing and upcoming bolometer arrays (for completeness also including Spitzer MIPS). The related uncertainty in mass estimates decreases significantly with increasing wavelength.
Dust opacities are presently not well constrained. We here adopt dust opacities from Ossenkopf & Henning (1994) that hold for dust with thin ice mantles coagulating for 10 5 yr at an H-density of 10 6 cm −3 , respectively (keeping the product of time and density constant) for 10 6 yr at an H 2 -density of 5 · 10 4 cm −3 , which appear to be reasonable conditions. At the MAMBO wavelength of 1.2 mm their opacity of 0.01 cm 2 per gram of interstellar matter is in between values used and suggested by other groups (from 0.005 cm 2 g −1 [Motte et al. 1998 ] to 0.02 cm 2 g −1 [Krügel & Siebenmorgen 1994] ). The opacities quoted above are consistent with observational opacity constraints. van der Tak et al. (1999) conclude that only coagulated dust from Ossenkopf & Henning (1994) provides a match to their extensive dust and molecular line emission data set. They probed a massive young star with a heated envelope though. Anyway, Shirley et al. (submitted) derive the same for a less luminous YSO in B335.
A.6. Standard c2d Conversion Factors A.6.1. Conversion from Dust Emission Table A .1 summarises the c2d standard conversion factors for masses and column densities from dust emission. The wavelength-dependent dust opacities are from Ossenkopf & Henning (1994) and hold for dust with thin ice mantles coagulating for 10 5 yr at an H-density of 10 6 cm −3 . We adopt a dust temperature of 10 K. This choice for the dust temperature and opacity are the standard assumptions made by the c2d collaboration. The values listed in Table A .1 are thus thought to serve as a standard reference within the collaboration.
A.6.2. Conversion to Extinction
The c2d standard conversion factor between column densities and visual extinction, N H 2 = 9.4 · 10 20 cm −2 (A V /mag) , (A.32) For a standard total-to-selective extinction ratio R V = A V /E(B − V) = 3.1 this yields the above conversion factor.
Appendix B: Data Reduction Details
B.1. Mapping Parameter Space
The equations on limitations of data reduction approaches, Eqs.
(1-3), effectively span parameter spaces accessible by different reduction methods. We explore these limits in Fig. B. 1. For brevity, we express the effective map size, ℓ scan + ℓ chop , by ℓ eff in the following. The vertical limit at d source /d array = 1 directly follows from Eq. (3). In principle, it continues to d source /ℓ eff → ∞. However, Eq. (2) anyway limits the realm of Table A.1. Standard c2d conversion factors for masses and column densities from dust emission. For each bolometer camera employed by the c2d collaboration we list the effective wavelength, the half power beam width, the dust opacity at the effective wavelength (per gram of ISM), the conversion factors between intensity and column density, and between integrated flux density and mass (this for a distance of 100 pc), respectively. Beyond this limit, no receiver of the bolometer array moves off source, and sky brightness information is impossible to reconstruct. Equation (1) sets the indicated limits on the convergence speed. Figure B .2 summarizes the data reduction improvements due to our iterative method. To do so, we created artificial raw data (for the L1103-2 region of our survey) towards a circular source of 500 ′′ diameter and spatially constant intensity. We included beam smoothing, and added correlated and uncorrelated noise at various amplitudes. In order to roughly match the observed decrease of the noise level during skynoise filtering, the correlatedto-uncorrelated noise ratio is chosen to be 3. Figure B .2 (a) presents a map obtained from noiseless raw data, using classical methods (i.e., plain reconstruction of the intensity distribution from the chopped bolometer data). Inspection reveals intensity depressions of > 30% within the source. Since such biases are additive, these depressions can offset intensities of smaller objects located in the map center, if such are present. Within the inner area of 400 ′′ diameter, the mean intensity has dropped to 80% of the true value. Figure B .2 (b) is constructed like the map in panel (a), but was derived from raw data with superimposed artificial noise. We use noise-to-source intensity fractions of 90% and 30% for the correlated and uncorrelated noise. The simulated source thus corresponds to very faint extended features in our maps. Correspondingly, classical data reduction (i.e., reconstruction without skynoise filtering) gives a map full of artifacts (note the intensity gradient within the source) in which the signal-to-noise intensity ratio is of order 1. In practice, such a map would not be usable. Figure B .2 (c), however, shows that iterative map reconstruction including skynoise filtering allows to reliably extract source structure from the data used for panel (b) . Since most of the correlated noise has been removed, the signal-to-noise intensity ratio is of order 3 here. Furthermore, the artifacts present in panels (a) and (b) are gone: the mean intensity within the inner 400 ′′ diameter is 101% for the map shown. Fig. B.2 . Demonstration of our bolometer data reduction approach, using artificial maps centered on a source of 500 ′′ diameter. Panels (a) and (b) present maps reconstructed using classical methods. Panel (c) displays a map derived using our method, which was derived by iterative processing of the data shown in panel (b). It is obvious that, even when using noisy raw data, our new approach yields maps with an artifact level better than those derived from noiseless data using classical methods (note depressions of > 30% in panel [a] , and their absence in panel [c] ). The arrows in panel (a) indicate the length (600 ′′ ) and mean orientation of the two co-added maps. Circles and their separation show the array diameter and the chop throw. Labels indicate the presence of noise (a superposition of correlated and uncorrelated noise at levels of 90% and 30%, respectively, of the model source peak intensity), or its absence. [See the alternative URL in the astro-ph comments, and the journal article, for higher resolution maps.]
B.2. Illustration
